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BADB I

PENDAHULUAN

1.1. LATAR BELAKANG

Sehubungan dengan perkembangan pola pikir manusia ilmu pengetahuan dan
tekonologi ternyata mengalami kemajuan secara terus-menerus. Perbaikan terhadap
teknologi yang sudah ada terus dilakukan agar lebih menjadi lebih mudah, Salah satu
bidang tekonologi yang mengalami perkembangan lebih pesat adalah teknologi
kontrol otomatis yang berkembang pesat seiring dengan perkembangan jaman. Telah
banyak kontrol otomatis yang dibuat dan diaplikasikan untuk keperluan industri,
layanan wmum maupun untuk penelitian.

Dewasa ini perkembangan khususnya dibidang pembangunan gedung —
gedung bertingkat semakin pesat, sehingga dapat menimbulkan persoalan yang
komplek terhadap kerawanan terjadinya kebakaran. Kcbakaran merupakan suatu
bencana yang sangat merugikan. Dalam penanggulangan masalah kebakaran banvak
sekali ditemukan kesulitan-kesulitan seperti sukarnya ditemukan sumber api secara
dini dan sumber air yang jauh sehingga api akan terus membesar dan menjalar
ketempat lain dan kerugianpun akan semakin besar.

Mengacu hal tersebut sudah sepantasnya faktor jaminan keamanan merupakan
hal yang sangat penting, untuk mengatasi hal tersebut diperlukan suatu alat yang
mampu untuk mendeteksi secara dini dan memperkecil kemungkinan meluasnya api.

Secara konvensional biasanya digunakan suatu detektor ( sensor ) yang dihubungkan




secara langsung dengan alarm schingga bila teadi kebakaran akan langsung
berbunyi dan lampu sirene akan menyala.

Melihat kenyataan terscbut diatas maka dalam penyusunan tugas akhir ini,
penyusun mengaplikasikan pengamanan kebakaran secara otomatis dengan
menggunakan mikrokoentroller sebagai sentral dari aplikasi kinerja semua svstem yang

bekerja melalui instruksi-instruksi program.

1.2, RUMUSAN MASALAH

Sehubungan dengan latar belakang diatas maka yang menjadi rumusan
masalah adalah:
“Bagaimana merencanaan dan membuat alal pendeteksi serta pengaman bahaya
kebakaran ( fire alarm ) dengan aplikasi sensor asap, sensor suhu dan sensor ajr yang

dilengkapi informasi suara berbasis Mikrokontroller AT 8958252,

1.3. BATASAN MASALAH
Agar lebih mudah memahami pokok bahasan, maka masalah yung ada dalam
perencanaan dan pembuatan alat ini akan dibatasi pada hal-hal sebagai berikut:
d. Menggunakan Mikrokontroller AT 8958252,

b. Sensor yang digunakan berupa sensor suhu LM35, sensor asap tlipe AF
30 dan sensor air.

€. Tidak membahas catu daya

d. Perangkat keras yang digunakan dibahas secara umum




1.4. TUJUAN

Tujuan dari tugas akhir ini adalah merancang dan membuat alat yang efektif
dan efisien vang mampu untuk mendeteksi api secara dini dan memperkecil
kemungkinan meluasnya api  serta dilakukan  tindakan awal  untuk

penanggulangannya.

1.5. METODOLOGI PENELITIAN
Untuk menyelesaikan semua permasalahan dan mencapai tujuan scperti
tersebut diatas maka metodologi penulisan yang diambil adalah:

l. Kajian Pustaka: dimaksudkan untuk mengumpulkan semua literatur
yang mendukung tentang perencanaan dan pembuatan alat.

2. Perancangan dan pembuatan alat: bertujuan untuk mempermudah
dalam melakukan perancangan dan pembuatan alat sesuai dengan
rencana vang disusun.

3. Studi analisis alat: studi ini dimaksudkan umtuk mengetahui apakah
alat vang telah dibuat berfungsi sesuai dengan apa yang kita

rencanakan.

1.6. SISTIMATIKA PENULISAN

Tugas akhir ini disusun berdasarkan beberapa teori penunjang scria bagian-
bagian dari perencanaan alat yang menjadikan tugas akhir ini dibag menjadi lima bab
dan beberapa sub bab. Inti dari penyusunan tugas akhir ini dapat diuraikan scbagai
berikut:




BABI

BABII :

BABIII :

BABIV :

BABY :

PENDAHULUAN

Berisi pendahuluan yang meliputi latar belakang . tujuan,
rumusan permasalahan, rvang lingkup masalah, metodologi
penelitian dan sistimatika penulisan.

TEORI PENUNJANG

Berisi dasar teori yang akan digunakan pada perencanaan dan
pembuatan alat.

PERENCANAAN DAN PEMBUATAN ALAT
Menguraikan mengenai perencanaan, meliputi perancangan
hardware dan software dari keseluruhan alat.

PENGUJIAN ALAT

Melaporkan hasil pengujlan dan pembuaian dari  hasil
perancangan dan pembuatan alat.

PENUTUP

Pada bab ini akan disampaikan kesimpulan dari perancangan

dan pembuatan sistem ini.




BAB 11

TEORI DASAR

2.1. Pendahuluan

Pada bab ini akan dibahas mengenai teori penunjang dari peralatan yang
direncanakan. Teori penunjang ini akan membahas (entang komponen dan peralatan
pendukung pada alat yang dibuat. Pokok pernbahasan pada bab ini adalah -

1. Karbon Monoksida
2. Sensor Karbon Monoksida
3. Sensor Suhu
4. ADC 0808
5. Komunikasi data serial RS 485
6. Information Storage Device (ISD 1420)
T, Liguid Crystal Display ( LCD ) M 1632
8. Mikrokontroler AT89S8252 dan
9. Mikrokontroler AT89552
2.2. Karbon Monoksida (CO)

Karbon monoksida (CO) adalah suaw komponen tidak berwama. fidak berbau
dan tidak mempunyai rasa yang terdapat dalam bentuk gas pada suhu diatas -192 °C.
Komponen yang mempunyai berat sebesar 96,5% dari berat air dan tidak larut didalam
air. Karbon monoksida {(CO) yang terdapat dialam terbentuk dari salah satu proscs seperti

bertkui:




|. Pembakaran tidak lengkap terhadap karbon (C) atau komponen yang mengandung
karbon.

2. Reaksi antara karbon dioksida (CO2) dan komponen yang mengandung karbon
pada suhu tinggi.

3. Pada suho tinggi, karbon dioksida (C04) terurai menjadi karbon monoksida {CO)

dan oksida {O).

Oksidasi tidak lengkap terhadap karbon atau komponen yang mengandung karbon
terjadi jika jumlsh oksigen vang tersedia kurang dari jumlah vang dibutuhkan untuk
pembakaran sempurna dimana dihasilkan karbon dioksida {CO:). Pembentukan karbon
monoksida (CO) hanya terjadi jika reaktan yang ada terdin atas karbon (C) dan oksigen
{32} murni. Jika yang terjadi adalah pembakaran komponen yang mengandung karbon
diudara, prosesnya lebih kompleks dan terdiri dari beberapa tahap reaksi. Reaksi ini
sering terjadi pada suhu tinggi yang wmumnya terdapat pada industri.

Berbagai proses alam juga memproduksi karbon monoksida (CO), misalnya
aktivitas vulkanik, emisi gas alami, dan lain-lain. Tetapi kontribusi karbon monoksida ke
atmosfer yang disebabkan oleh proses alam tersebut relatif kecil, sedangkan aktivitas
manusia yang menghasilkan karbon monoksida (CO) dan melepas ke atmosfer lebih
banyak dan nyata, misalnya transportasi dan proses imdustri.

Pada umumnya konsentrasi karbon monoksida (CO) di udara kurang dari 110 ppm.
Jika terjadi kontak antara manusia dengan karbon monoksida (CO) pada konsentrasi
finggi dapat menyebabkan kematian. sedangkan pada konsentrasi yang relatif rendah
{110 ppm atau kurang) dapat mengganggu kesehatan. Faktor penting yang menentukan

pengaruh karbon monoksida (C() terhadap manusia adalah konsentrasi COHb yang




terdapat dalam darah, dimana semakin tinggi persentasi hemoglobin (Hb) yang terikat
dalam bentuk COHb, semakin parah pengaruhnya terhadap kesehatan manusia.
Hubungan antar konsentrasi COHb didalam darah dan pengaruhnya terhadap kesehatan
dapat dilihat pada tabel 2-1.

Tabel 2-1. Pengaruh Konsentrasi COHb di Dalam Darah''!

Jumlah Gas CO 3 : ; )
| Dalam darah(%) Gejala-gejala (akibatnya)
' 0-5 Tidak ada gejala (normal)
5-10 Aliran darah meningkat sakit kepala ringan
Tegang daerah dahi, sakit kepala, penglihatan agak
10-20 terganggu
Sakil kepala sedang, berdenyut-denyut, dahi, wajah merah
20-30 dan mual.
Sakit kepala berat, mual, muntah, lemas, mudah terganggu
3040 pingsan pada saat bekerja.
Sakit kepala hebat, badan lemas, pandangan kabur, mual,
40-50 muntah, jatuh dan pingsan, denyut nadi dan permnafasan
bertambah.
Sinkope, pernafasan dan denyut nadi bertambah, koma
50-60 dengan sebentar kejang-kejang.
Koma dengan kejang-kejang, kerja jantung dan pernafasan
60-70 lertekan dan bisa mati.
Denyut jantung sangat lemah, pernafasan lambat,
70-80 kegagalan pernafasan dan menyebabkan kematian.

2.3. Sensor Karbon Monoksida (AF-30)

Fungsi dari sensor adalah menerima beberapa aksi dari fenomena unggzal dari
subyck yang diukur dan mengubahnya menjadi fenomena fisik yang dapat dilihat secara
mudah. Fenomena yang mendukung subyek yang diukur dinamakan sinyal masukan dan
fenomena setelah perubahan disebut sinyal keluaran. Perbandingan sinyal keluaran

lerhadap sinyal masukan disebut transmisi atau gain. Fungsi dari sensor adalah scbagai




pengkonversi, hasil konversi berupa sinyal kelvaran yang akan digunakan untuk

mendukung rangkaian tahap berikutnya.

Diharapkan sebuah sensor mampu mendeteksi terjadinya perubzhan kuantitas dari

subyek yang diukur, sehingga sensor perlu mempunyai sifat-sifat sebagai berikut:

Non Interference, yang berarti keluaran dar sensor lak berubah oleh adanya
faktor lain yang mempengarubi subyek yang diukur. Proses konversi vang
dilakukan oleh sensor seperti ini disebut pengukuran secara langsung. Proses
konversi dimana kuantitas pengukuran masih perlu dilakukan perhitungan dari
sinyal keluaran yang dihasilkan oleh sensor dinamakan pengukuran secara tidak
langsung.

High Sensivity, jumlah perubahan sinval kelvaran yang dihasilkan olch karcna
adanya perubahan pada sejumlah kuantitas masukan yang diukur harus dapat
dideteksi, ini berarti sensor harus memiliki gain sebesar mungkin.

Small Measurement Pressure, ini berarti sensor tidak lergangeu oleh kondisi fisik
dari subyek yang divkur. Dari gambaran imi maka konversi metode modulasi
mempunyai prioritas yang baik untuk pengukuran secara langsung.

High Speed, ini berarti sensor harus mempunyai kecepatan yang cukup tinggi
untuk berubah sinyal keluarannya bila terjadi perubahan pada kuantitas vang
diukur.

Low Noise, ini berarti noise internal yang dibangkitkan olch sensor harus sckecil
mungkin.

Robusiness, sensor harus tahan terhadap kondisi lingkungan pemakaiannya dan

noise dari luar serta mudah pemakainnya.




Dalam skripsi ini sensor yang digunakan adalah sensor gas scri AF (Scimarec)
tipe 30 yang terbuat dari bahan semikonduktor yang memiliki kinerja, kualitas dan
ketahanan jangka panjang. Elemen semikonduktor yang memiliki kinerja, kualitas dan
ketahanan jangka panjang. Elemen semi konduktor yang mendeteksi gas dipanaskan pada
salah satu sisi bahan keramik, selanjutnya ditutup dengan keramik film untuk melindungi
terhadap debu. Sebuah microheater dipasang pada bagian belakang lapisan, dengan
demikian cepat memanaskan element pendeteksi gas pada suhu operasi yang diinginkan.

Elemen yang merasakan gas adalah suatu semikonduktor oksida yang dipanaskan
sampai 350 °C. Jika berhadapan dengan gas yang sesuai, oksigen dipermukaan akan
diserap untuk digunakan dan tahanannya akan menurun. Penurunan tahanan ini
mengikuti pola yang dapat diprediksi dan berulang-ulang, Dimana keluaran sensor
tersebut adalah berupa selisih tegangan, yaitu saat sensor dipengaruhi oleh gas Karbon
Monoksida (CO) tegangan tersebut akan naik sesuai dengan banyaknya gas Karbon
Monoksida (CO) yang diterima olch sensor. Sensor gas CO ini mempunyai 4 pin dimana
pin 3 dan | berfungsi sebagai hearer sedangkan pin 2 dan 4 berfungsi sebagai sensor

Karbon Monoksida (CO).




Gambar 2-1, Konfigurasi pin-pin AF-301

Sensor gas ini dirancang untuk beroperasi dengan tegangan 3V. Ketika sensor
mendeteksi gas, tahanan sensor akan menurun. Tahanan sensor (RS) ini dihitung dan

tegangan keluaran (Vout) dengan menggunakan rumus sebagai berikut :

Ve —Fout
=— " ¥
Vout

RS L e U )

Sensivitas menunjukkan rasio (Rgas/Runara) dari tahanan sensor yang diperoleh
dalam udara yang berisi gas (Rgas) untuk tahanan sensor yang diperoleh di udara bersih
tanpa pencemaran gas (Riypara).

Satuan dari kadar gas Karbon Monoksida (C(Q) adalah ppm fpart per million)
vaitu banyaknya kadar gas C( dalam satu milimeter kubik, yang didefinisikan sebagai

herikut -




1 ppm=__ 1 volume gas pencemar
10° volume (udara + pencemar)

atau 0.0001 persen volume = | ppm.

Mzka pada grafik berikut menunjukkan hubungan antara perubahan resistansi
sensor dengan konsentrasi gas karbon monoksida (CO) Sumbu Y menunjukkan

perbandingan dari resistansi gas (Rgas) dengan resistansi atmosphere (R,

TF T,

RgatHair

TTATrT

':I"ul.i-l ‘i‘ L R T .--"—--——----lr!'ll BEES wm paEd n-.---i---
Eo i . :
Latls 1 d i i 143 L | TN - o L4 4 I

1 13 (314 11
Cias ranromerazion| |

Grafik 2-1. Respon Sensor Terhadap Gas COY!
2.4. Sensor Suhu LM35
Sensor suhu merupakan suatu komponen yang mudah untuk mengalami
perubahan teyangan dan arus. Apabila terjadi perubahan suhu pada suaw kondisi tertentu.
Sensor suhu yang dipakai adalah 1C LM35 yang nilai hambatannya berubah terhadap

perubahan subu.

Tegangan output pada 1C LM35 adalah sebanding dengan derajad(") temperature

serta menghasilkan kenaikan tegangan sekitar 10 mv pada setiap kenaikan suhu 1°C.
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LM35 mempunyai keuntungan lebih linier dari sensor temperature yang disesuaikan pada
K sehingga penggunaannya tidak diharuskan untuk mengurangi besar tegangan konstan
dari putput yang mendapatkan skala tetap. Adapun kelebihan lain dari jenis IC ini, tidak
memerlukan banyak pengkalibrasian khusus pada temperature ruang /4 'C dan 3/4°%C
lebih besar.

25. ADC 0BOR

Apar dapat mengubkur atau mengubah suatu besaran fisik yang umumnya dalam
bentuk analog dengan piranti digital, vanabel tersebut harus terlebih dahulu diubah
menjadi variable digital yang nilainya proporsional dengan nilai variable yang akan
diukur/diolah tersebut. Proses konversi ini dilakukan oleh konverter analog ke digital
{Analog Digital To Conversion).

Spesifikasi penting lain selain ketelitian (akurasi) dan linieritas adalah waktu
konversi (confersion time). Wakiu kenversi ADC adalah waktu yang diperlukan untuk
menghasilkan kode biner yang valid untuk tcgangan masukan yang diberikan. Semakin
pendek waktu konversi berarti kecepatan konversi semakin tinggi.

Dalamn pembuatan alat ini digunakan ADC jenis 0808 yang mempunyai 8 bil
channel multiplekser dan menggunakan metode pendekatan Succesive Approximation
Register (SAR). Waktu konversi (comversion time) ADC ini adalah 100ps dengan

rentangan input sebesar 0 sampai dengan 8 V dan supply sebesar 5 V.
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Gambar 2-2. Konfigursi Pin-pin ADC0808!
2,6. RS 485
Z.6.1. Sistem Komunikasi RS485

Standar RS485 ditcrapkan oleh Flecironic Industry Associution (E1A) dan
Telekomunikasi Industry Association (TIA) pada tahun 1983, Standar RS485 hanya
membicarakan karakteristik sinyal dalam transmisi data secara Balanced Digital
Multipoint System. Jadi jauh lebih sederhana dibanding dengan standar RS232 vyanp
mencakup kKetentuan tentang karakteristik sinyal, macam-macam sinyal dan konektor
yang dipakai maupun konfigurasi sinyal pada kaki-kaki konekior beserta tata cara
pertukaran informasi antara komputer dan alat-alat pelengkapnya.

R5485 merupakan kabel komunikasi serial yang bisa mencapai jarak 4000 yard
dengan kecepatan lebih dari 1 Megabit/detik. dan pada jarak vang lebih pendek kecepatan
transmisi RS484 sekitar 10 Mcgabit/detik.

Pada RS5485 menggunakan saluran ganda (Differemtial atau  Unbalanced
Transmission). Transmisi ini memakai satu pasang kabel untuk mengirim saw sinyal,

informasi logika ditafsirkan dari beda tegangan antara doa utas kabel saluran. Tegangan
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pada kedua ulas kabel saluran selalu berlawanan, saat satu kabel bertegangan tinggi maka
kabel yang lain bertcgangan rendah, demikian pula sebaliknya, Rangkaian penerima
sinyal membandingkan tegangan kedua kabel saluran, level logika pada bagian output
ditentukan oleh kabel mana yang lebih positif. Meskipun demikian, saluran ganda tidak
dipakai untuk transmisi yang memerlukan banyak saluran mengingat R5485 memakai
kabel jauh lcbih banyak sehingga mahal. Untuk penghematan kabel, bahkan saluran
panda sering dipakai untuk saluran Half Duplex yaitu saluran dua arah secara bergantian
yang hanya menggunakan satu pasang kabel, bisa dipakai untuk menghubungkan line
generator dan banyak line receiver menjadi satu, sistem ini disebut sebagai komunikasi
multidrop (Multipaint Communication).

RS485 mempunyai keuntungan dibanding dengan RS232 dimana ratio tegangan
operasionalnya cukup rendah yaitu -7 Volt sampai dengan +7 Volt dibandingkan dengan
RS232 vaitu -13 Volt sampai dengan +13 Volt. Dengan tegangan operasi setinggi itu
kemungkinan akan dapat mempengaruhi bahkan dapat mengakibatkan kerusakan
perangkat lain yang tersambung dengannya.

2.7. 1C Penyimpan Suara (1SD 1420)

IC penyimpan suara yang digunakan merupakan jenis EEPROM (Flectrically
Erasable Programable Read Only Memory) vaitu ROM vang dapat diprogram, dihapus
dan diprogram ulang secara elekirik dengan arus listrik, bukan sinar ultraviolet. IC I1SD
vang dipakai yaito 1SD 1420 (Information Strorage Pevice), 1C dapat merckam pesan
maksimal 20 detik dan dapat dikaskade sehingga pesan yang disimpan dapat

diperpanjang sesuai dengan keinginan kita dengan 160 alamat yang berbeda.




Rekaman akan disimpan dalam sel memaori yang tidak mudah hilang  (non
volztile), memberikan tempat penyimpanan yang masih kosong. Cara unik ini yang
membuat IS8T dischut Stroge Technoled Divect Analog (TVAST) atau teknik penyimpanan
analog langsung, dengan jalan sinyal suara (veice) dan bunyi disimpan secara langung
dalam bentuk analog, kedalam memori EPROM. Penyimpanan analog langsung

memungkinkan reproduksi suara secara alami dalam satu chip tunggal.

Susunan [SD 1420 DAST adalah dikelompokkan dalam 160 segmen dari alamat
A0 sampai A7 yang menunjukkan akses tips segmen dalam kesatuan untuk alamat pesan.
Kemampuan pemberian atau penvediaan alamat yang berupa pesan yvang disimpan dalam

bentuk kalimat dan suara

ISD1400
AD | 1® 28 [ Voo
Al 2 27 [ REC
A2 s 24 [ XCIK
A3 Ca 25 1 RECLED
A s 24 [ PLAYE
AB s 23 [ PLAVL
NC 7 22 [ NC
NC 8 21 [ ANAOUT
AS e 20 1 ANAIN
A7 {10 19 [ AGC
NC COn 18 [ MIC REF
Visn (] 12 17 [ MIC
Vgga 13 16 1 Veea
P+ 14 18 1 8-

Gambar 2-3 Struktur Pin IC 1SD 14208




Keterangan :

Address Input (A0-A7) Pin 1-6 Dan 9-10

Input alamat ini mempunyai dua fungsiterganmng dari level dari dua
Most Significant Bits (MSB) dari alamat. Jika dua MSB ini keduanya Jow,
maka semua input digunakan sebagai bit pengalamatan (dddress Bits) dan
digunakan sebagai alamat untuk memulal (Starf Address) dai perekaman
atau pemutaran ulang (Play Back). Kaki-kaki dari pengalamat hanya
meupakan masukan dan bukan merupakan informasi Keluaran
pengalamatan intemal (Owipwt Internal Address Information). Ketika
proses operasional sedang berjalan dan pada saat kedua MSB ini high,
maka sinyal input pengalamatan digunakan sebagai bits mode {(Mode Bir)
vang membuat mode operasi normal dan pengalamatan secara tidak

langsung (Simultanously).

Vssd dan Vssa (Ground) Pin 12 dan 13
Sama seperti Veed dan Veca, analog input dan digital sirkuit didalam
ISD1420 menggunakan bus ground yang terpisah untuk meminimalisasi

noice. Pin ini harus dihubungkan sedekal mungkin dengan ground.

Speaker OQutput (8P +, 8P -) Pin 14 dan 15
Pin 5P + dan 5P —digunakan untuk mengeluarkan suara vang telah
dirckam ke speaker atau ke device lainnya. Qutput ini mempunyai

impedansi sebesar 16 Ohm.
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Microphone Input (mic} Pin 17

Kaki mikropon ini terhubung dengan Vec melalui beberapa kapasitor vang
terhubung secara seri, bersamaan dengan resistor 10KQ yang berada
didalam chip (imternal). Harga dari kapasitor dari dalam perancangan
tugas akhir ini menggunakan harga kapasitor sesuai dengan yang tertera

dalam rangkaian data sheet ISD 1420,

Microphone Reference (MIC REF ) Pin 18

Ketika MIC REF menghubungkan antara Vee dengan mikropon Ground,
maka tingkat aoice selama perekaman dapal dikurangi. MNoise itu
disebabkan oleh preamplifier yang terdapat didalam chip. Bila pin ini
tidak digunakan, maka tidak boleh dihubungkan dengan sinval atau

dengan tegangan apapun, harus dalam keadaan terbuka.

Automatik Gain Control (AGC) Pin 19

Kegunaan dari AGC adalah untuk mcnambah atau mengurangi secara
otomatis penguatan (Gain) dari preamplifier vang juga meluaskan batas
dan sinyal input yang dapat digunakan oleh mikropon tampa terjadi
distorsi. AGC ini dapat secara dinamis meluaskan batas dari suara vang
terekam baik itu suara bisikan sampal suara yang keras. Untuk
menggunakan fasilitas AGC ini, resistor dan kapasitor luar (Eksternaf)
harus dihubungkan secara paralel antara pin AGC dengan ground. Harga
vang dirckemendasikan adalah R = 470 KL dan C = 4.7 pF (Dalam
perancangan tugas akhir ini juga dipakai harga seperti diatas sama dengan

data sheet 1SD),
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Analog Input (ANA IN) Pin 20

Kapasitor eksternal (luar) menghubungkan antara ANA IN ke ANA QUT
pin harga-harga dari kapasitor luar bersama dengan 3 K€ inpul impedansi
di ANA IN dapar dipilih sendiri untuk memberikan keadaan cut off
{terputus) pada frekuensi rendah sampai pada pass band suara. ANA IN
juga dapal digunakan pada input sumber alternative dari sinyal analog

pada sinyal mikropon terus ke kapasitor kopling.

Analog Output (ANA OUT) Pin 21

Sinyal dari mikropon dikuatkan dan dikeluarkan melalui ANA OUT pin.
Penguatan tegangan dari preamp tergantung dari tingkat tegangan AGC
{Automatik Gain Control) pin. Preamplifier ini mempunyai penguatan

maksimum sckitar 24 dB untuk tingkat masukan kecil.

Playback, Level — Aktivated (PLAY L) Pin 23

Ketika sinyal ini berpindah dari high ke fow, maka PLAY L akan berjalan.
Playback akan berjalan sampai input ini tertekan high, tanda akhir dari
pesan tercapai atan ruang memori sudah habis. ISD akan kembali ke mode

standhye setelah plincback ini berhent).

Playback,Edge-Aktivated (PLAY E) Pin 24

Ketika sinyal akan bepindah menuju low (fow-going mransition) terdeteksi
di input ini, maka PLAY E akan berjalan. Playback berjalan sampai tanda
akhir dari pesan tercapai (Akhir dari ruang memori tercapai). Setelah
menyelesaikan playback, 1SD secara otomatis akan kembali ke mode

standby, menckan PLAY [ ke high pada waktu playback berjalan tidak
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akan menghentikan playhack. Jadi playback akan berhenti bila mencapai

akhir dari pesan atau ruang memori habis.

Record LED Output (RECLED) Pin 25

Selama proses perekaman output RECLED akan fow. Maka output ini bisa
digunakan untuk menjalankan sebuah led bergunanya untuk mengetahui
bahwa terjadi proses perckaman. Ketika tanda akhir dari pesan tercapai

pada saat playback, maka RECLED akan /ow sebentar,

Optimal External Clock (XCLK) Pin 26
Digunakan untuk penambahan kristal clock bila dibutuhkan pewaktuan
yang lebih besar dan presisi. Bila input ini tidak digunakan, harus

dihubungkan dengan ground.

Record (REC) Pin 27

Input sinyal REC akan aktif dalam kondisi fow. ISD 1420 akan merekam
bila REC dalam kcadaan fow, dan sinyal ini harus terus dalam keadaan
Iow hila ingin terus merekam. Jika input REC ini tertckan Jow dalam
keadaan masih memutar ulang pesan (playback), maka plavhack akan

berhenti dan [SD akan merekam.

VCCA Dan VCCD Pin 16 Dan 28
Analog dan digital sirkuit yang terdapat didalam chip ISD 1420
menggunakan bus power yang terpisah untuk meminimalisasi neise. Pin

power ini harus dihubungkan sedekat mungkin dengan sumber tegangan.
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28. LCD (Liguid Crystal Display) M1632

LCD (Liquid Cristal Display) adalah suatu jenis piranti owfput yang menggunakan
daya rendah dengan pengontrol kontras dan kecerahan. Pengontrol umamanya dan
karakter ada pada ROM (Read Only Memory) generator dan display data RAM (Random
Access Memory) yang akan menghasilkan extended key codes (kode tombol keyboard
standart international dalam Hexsa) jika padanya diberikan inputan. Untuk dapat
mem fungsikan .dﬁngan baik maka perlu diperhatikan proses inisialisasi yang telah
ditentukan oleh pabrik pembuatnya. Timing penginisialisasian  sangat  perlu
dipertimbangkan, karena jika meleset sampai orde secon, maka dapat dipastikan LCD
itu tidak dapat berfungsi.

Ada dua jenis register yang terdapat dalam LCD M1632 ini, yaitu data register
dan instruction register. Dengan menggunakan pin RS (Register Select) pada LCD,
pemakaian kedua register dapat dipilih. Pemilihan register pada LCD ditunjukkan dalam

1ahel 2.9 berikut ini

Tabel 2.2
Pemilihan Register Pada LCD M 1632
[ Nama Sinyal [ No. Terminal /O | Tujuan | Keterangan Sinyal |
RS 4 Input | MPU 0 : Instruction Register
1 : Data Register

Jika bagian yang dipilih adalah instruction register maka output yang dihasilkan
adalah meliputi operasional dari [.CD, misalnya (ungsi display clear, cursor home, entry
mode set, display owoff, cursor shift dan scjenisnva. Sebaliknya jika bagian yang dipilih
adalah data register, vutput yang dihasilkan adalah meliputi karakter yang tabelnya

terdapat pada lampiran.
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Berikut adalah gambar dari LCD dengan pin-pin yang akan terhubung dengan

mikrokontrolier AT89S8252 .

Lk M 1h32

14
L wer Yorr—iy
) VEE

= 15
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(GGambar 2.4 Rangkaian LCD M1632/®
LCD M1632 mempunyai spesifikasi sebagai berikut :

-+

e 16 karakter 2 bans dalam bentuk dot maitrik 5 x 7 dan kursor,

o [uty ratio 1/16.

e Memiliki ROM pembangkit karakter untuk 192 jenis karakter.

s RAM untuk data display sebanyak 80 x 8 bit (80 karakter maksimum).

¢ Dapat dirangkai dengan MPU (Microprocesor Unit} 8 bit atau 4 bit.

» RAM data display dan RAM pembangkit karakter dibaca oleh MPU.

o Memiliki fungsi instruksi : display ON/OFF, cursor ON/OFF, display chavacier
blink, cursor shift dan display shift.

» Memiliki rangkaian aseciffater sendiri.

s Sumber tegangan tunggal -5 Volt.

e Memiliki rangkaian resef otomatis pada saat catu daya dihidupkan.

*  Temperatur operasi 0° — 3607,
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LCD modul M1632 mempunyai 16 pin sebagai berikut :

Tahle 2.3
Fungsi pin-pin LCD M1632
No Pin Nama Pin Fungsi
1 Vss Terminal Ground
2 Vee Tegangan catu 5 Vol
3 Vee Mengendalikan kecerahan LCD
4 RS Sinyal pemilihan Register
0= Tulis
1= Baca
5 RIW Sinyal Seleksi atau baca
0= Tulis
I= Baca
6 E Sinyal opcrasi awal yang
mengaktifkan data tulis utau baca |
7-14 DBO-NDBT | Merupakan saluran dara  berigi
perintah  data yang  akan
ditampilkan
15 V+BL Back Light Supply 5Volt
16 V-BL Back Light Supply Ground

Pada LCD juga terdapat instruksi — instruksi scbagai berikut :
.  Display clear: membersihkan tampilan yang ada pada LCD serta

menyimpan, sedangkan kursor kembali ke posisi semula.

2. Cursor home ; hanya membersihkan tampilan dan kursor kembali ke

semula.
3. Empty mode Set : layar beraksi sebagai tampilan tulis.
S : 1/0 = menggeser layar.
10 :1 =Kkursor bergerak ke kanan dan layar bergerak ke kiri.
1/0: 0 = kursor bergerak ke kiri dan layar bergerak ke kanan

4. Display On/Off kontrol.




D : 1 =layar on

D : 0 = layar off

C : 1 = kursor on

C : 0 =Kursor off

B : 1 = kurser berkedip-kedip

B : 0 kursor tidak berkedip — kedip

Cursor Display Shift

SC : 1 = LCD diidentifikasikan sebagai layar
S/IC : 0= LCD diidentifikasikan sebagai kursor
R/L : | = menggeser satu spasi ke kanan

R/L : ) = menggeser satu spasi ke kin

Fuction Set

DL : | — panjang data LCD pada & bit

DL : 0 = panjang data LCD pada 4 bit

Bit upper ditransfer terlebih dahulu kemudian ditkuti dengan 4 bit lower,
N : 1/0=1CD menggunakan 2 atau | baris karakter

P : 1/0 = LCD menggunakan 5 x 10 dot matrik

C{i RAM address set - menulis alamat RAM ke karakter

DD EAM address set : menulis alamat RAM ke tampilan
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9.  BFladdress set : BF = 1/0, LCD dalam keadaan sibuk atau tidak sibuk.

10. Data wrire to CG RAM or DD RAM : membaca byte dari alamat terakhir
RAM yang dipilih.
2.9. Mikrokontroller ATS89S8252

2.92.1 Pendahuluan
Perbedaan mendasar antara mikrokontroller dan mikroprosesor adalah jika

mikrokontroller selain memiliki CPU (Central Processing Unit) juga dilengkapi dengan
memoni dan O (Input/Ouipus). Maka mikeokontroller dapat dikatakan sebagai
microcomputer dalam keping tunggal (single chip microcomputer) yang dapat berdini
sendiri.

Mikrokontroller ATR9SB252 adalah mikrokontroller keluarga MCS-51  yang
membutubkan daya rendah, memiliki kemampuan yang tinggl, dan merupakan
mikrokomputer 8 bit yang dilengkapi 8K byte Flash PEROM (Programmahle and
Erasable Read Only Memory) yaitu ROM yang dapat ditulis ulang atau dihapus
menggunakan sebuah perangkat programmer. Serta terdapat EEPROM interna! sebesar
2k Byte.

Flash PEROM dalam ATB958252 mengeunakan Afmel 's High-Density Non
Volatile Technology yang mempunyal kemampuan untuk ditulis ulang hingga 1000 kali
dan berisikan perintah stendard MCS-51. Selain itu juga dilengkapi RAM internal
sebesar 256 byte. Dalam sistem Mikrokontroller terdapat dua hal yang mendasar, vaitu:

perangkat keras dan perangkat lunak yang keduanya saling terkait dan mendukung.
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2.92 Perangkat Keras Mikrokontroller AT8958252
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Gambar 2.5
Blok Diagram Mikrokontroller A 1895825217
Mikrokoniroller ATRB9S8252 secara umum memiliki:
s« CPUZBRHBi
» 8Kbyte FI.ASH PEROM

e 2 Kbyte EEPROM




e Memory 256 % § bit Internal RAM
32 Port /O Lines
o 3 Timer dan Coumter 16 bit
* O Sumber Interupsi
»  SPI serial interface
s Oscillator dan clock maksimal 24 MHz
o Programmable Warchdog Timer
o Programmable UART Serial Chanel
o Dual Data Pointer
s Power-Off Flag
2.93. Arsitektur AT8958252
Arsitektur Mikrokontroller A'TEYS8252 adalah sebapai berikut:
1. CPU {Central Processing Unit) 8 bit dengan register A (Aceumulator) & B.
2. 16-bit Program Counter (PC) dan (Daia Pointer) D'PR.
3. B-bit Program Status Word {PSW).
4. B-bit Stack Pointer (5F)
5. 8 kbyte Flash PEROM internal
6. 256 bvte infernal RAM.
» bank register, masing-masing berisi 8 register
s 16 hyte yang dapat dialamati pada hir-level.
» 208 byte general purpose memory data.
7. 32 pin inpui-onfpaut tersusun atas PO-P3. masing-masing 8-bit.

8. 3 buah timer (¥ & T1) dengan masing-masing 16-bit #imer/ counter.
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9. Receiverstransmiter data secara serial full duplex: Serial buffer (SBUF).
10. Control register - TCON, TMOD, SCON, PCON, IP & IE,
1 1. 9 buah sumber interupsi (4 buah sumber inlerupsi external dan 5 buah sumber
interupsi internal ),
12. Oscillator dan clock internal.
294, Konfiguraszi Pin Mikrokontroller ATE9S3252
Konfigurasi kaki-kaki mikrokontroller terdiri dari 40 pin, seperti terlihat pada

gambar 2.2 herikur ini :

7
T2 P10 KT o kit
T2EX P1AO2 T PO, AL
P1.200 3 38 ORI (ADT
Pz 4 ITAPOLADE:
P.405 8 I PO3 (AL
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EOE T e 33 P05 ADS
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R PROLC] 12 1 O ERVPP
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INTE Pr2 O 12 = [ FSEN
MHTY Faa] 12 s OPT a5,
T PR 14 STOPES (A1
T FASC]15 e OP25 ATH
iR FRs1s EEOIPZA (A5
AEFRTOIT 24OP2a a1
xTalkzCda ZAICAPE2 (A0
ATALT 1% cd DI FE. 1 A
GHDO 8 2P0 AR

Gambar 2.6 Konfigurasi Pin-Pin AT80S8252%]

Fungsi dari tiap-tiap pin adalah sebagai berikut:
= Pin 40: Ve (sumber tegangan).
o Pin 20: GND (Groumd)
» Pin 32-39:

Port 0:Merupakan port imput-oufput dua arah multipleks dan dua bus alamat
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rendah (AQ-AT) serta daia selama pengaksesan program dan dala memori
external.
Pin 1-8: Port 1:
Merupakan port input-ouiput dua arsh dengan internal pull-up.
Pin 21-2%: Port Z:
Merupakan port input-ouwiput dengan internal pull-up. Mengeluarkan address
tinggi selama pengambilan (ferching) program memory external. Seama
pengaksesan ke external data memaory, port 2 mengeluarkan isi P2 SFR (Special
Function Register). Menenima address dan beberapa sinyal control selama
pemrograman dan verifikasi.
Pin 10-17: Port 3:
Merupakan port input-output denpan internal pull-up. Port 3 juga memiliki fungsi
khusus, yaitu:

1. RXD (P3.0) : Port serial input.

2. TXD (P3.1) : Port serial output.

3. INTO (P3.2) : external interrupt 0.

4. INT1 (P3.3) : external inferrupt 1.

5. TO(P34) : foput external timer ().

6. TI1(P3.5) : Imput external timer 1.

7. WR (P3.6) : Srrobe wlis data memori external

8 RD(P3.7) : Strobe baca data memori external
Pin 9: RST (Reset):

Input reset berfungsi me-reset CPL saat tegangan dihidupkan.




¢« Pin 30 ALEJ/PROG (Address Latch Enable)/Programming:
Pulsa outprit ALE dipunakan untuk proses fatching byte addresy rendah (AO-AT)
selama pengaksesan ke memorni exrernad. Pin ini juga digunakan unmk
memasukkan pulsa program selama pemrograman.
 Pin 29: PSEN (Program Store Enable):
Merupakan strobe baca ke program memori extermal,
o Pin 31: EA/WVPP (External Address):
EA low jika mengakses memori external. Untuk mengakses memori imtermal
maka EA dihubungkan ke-Vee (+5V).
¢ Pin 18-19: XTAL] dan XTAL2:
Kaki ini dihubungkan dengan kristal bila menggunakan Oscillator imernal
XTAL] merupakan inpat inverting Oscillator amplifier sedangkan XTAL2
merupakan ourput inverting oscillator amplifier.
2.9.5, Organisasi Memori
Dalam mikrokontroller AT8958252 ruang alamat telah dibedakan uniuk program
memori dan data memori.
2.9.5.1. Internal Program Memory
Mikrokontroller ATR9SR252 memiliki program memori internal sebesar 8 Kbyte
dengan ruang alamat 0000H-0FAQH. Jika alamat-alamat program lebih tingei dari pada
OFAOH dimana melebihi Kapasitas ROM intermal, menyebabkan ATR958252 secara
otomatis mengambil kode byte dari program memori external Kode byte juga dapal
diambil hanya dari memori externgl dengan alamat O000HFFFFH dengan cara

menghubungkan pin EA ke growsd
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2.9.5.2. Random Acsses Memory (RAM)
Ruangan alamat memory data imternaf (RAM) dengan kapasitas 256 dyre yaitu:
00H-FFH yang terbagi atas 3 daerah, yaitu:
1. Empat hank register
Setiap bank terdin dani & register (RO-R7) sehingga jumlah register untuk keempat
bank register menjadi 32 bush regisfer yang menempati ruang alamat 00H-1FH.
Mengaktifkan salah satu bark register dapat dilakukan dengan mengatur RS O-RS
| pada Program Status Word (PSW).
2. Bit Addressable
Terdiri dari 16 byvte yang berada pada alamat 20H-2ZFH. Masing-masing bit dalam
208 bit yang lokasinya dapat dialamati secara langsung.
3. RAM Keperluan Umum
Terdiri atas 208 Ayte yang menempati alamat 30H-FFH, dan dapal dialamati secara
langsung maupun tak langsung dalam penggunaan untuk keperluan umum (general
purpose).

Table 2.4
Pengaturan RS0-RS81 Bank Register

Bank 0
Bank |
Bank 2

Bank 3

RS1 | RSO Register Bank Sclect Bits
0
1
0
|

2.9.5.3. Sistem Interupsi
Mikrokontroller AT#958252 mempunyai 9 buah sumber interupsi yang dapat

mengakibatkan permintaan interupsi, yaitu: INTO, INT1, TO, TI port scrial dan beberapa
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porl lainnya. Saat terjadi interupsi mikrokontreller secara otomatis akan menuju ke
subrutin. pada alamat tersebut.  Setelah interupsi service selesai  dikerjakan,
Mikrokontroller akan mengerjakan program semula. Sumber interupsi external adalah
INTO, INTI, dimana kedua interupsi external ini akan aktif pada transisi rendah selain itu
juga ada Timer/Counter 0, Timer/Counter () dan interupsi dari port serial (receiver).
Interupsi serial dibangkitkan dengan melakukan operasi OR pada RI dan TI. Tiap-tiap
sumber interupsi dapat di-enable atau di-disable secara software. Tingkat prioritas semua

sumber interupsi dapat diprogram sendiri-sendiri dengan ser atau clear bit pada SFRS IP

{Interrupt Priority).
Tabel 2.5
Alamat Sumber Interupsi

Sumber Interupsi Alamat Awal |

Power On Reset _0000h

Interrupt luar 0 (INT 0) 0003h
Pewaktu/ peneacah 0 (TO) 000Bh |

Interrupt luar 1 (INT 1) 0013h

Pewaktu/ pencacah 1 (T T) 001 Bh

{ Port 110 Serial . 0023h

Register yang berperan dalam mengatur aktif tidaknya interupsi adalah interrupt
enable regisier, susunan dari bit-bit beserta kegunaannya adalah:

Tabel 2.6
Kegunaan fnterrupt Enable Register

Data | Simbol | Posisi Fungsi /Arti
DO EXO 1E.0 Diatur secara soffware untuk interupsi dari
; INTI..
Dl ETO 1E. 1 Diawr secara soffware untuk interupsi dari
timerfcoumter 1.
D2 EX 1 IE.2 Diatur secara soffware untuk interupsi dati
| | INT 1,
D3 ETI IE3 Diatur secara soffware untuk interupsi dan
' ) timer/counter I .




D4 ES 1E4 Untuk mengatur enable atan disables salu

interupsi R1/TL.
D35 - IE.5 Kosong
N6 - IE.6 Kosong o
D7 EA IE.7 | Jika diatur 0 maka semua interupsi di-disable.

jika diatur | maka interupsi diatur di-disable
atau di-enable menunit masing-masing bit.

2.10. Mikrokontroller AT89552
Mikrokontroller AT89552 merupakan salah satu anggota keluarga dari MCS-51,

yaitu suatuy komponen produksi ATMEL, yang berorientasi confrel (microcontroller).
Intel mengklarifikasikan dalam kelompok embedded microcontroller, yang artinya adalah
mikrokontroller wyang dapat  diprogram ulang (reprogrammable).Didalam  chip
mikrokontroller AT89S52 ini sudah tersedia berbagai macam peralatan pendukung
mikroprosesor seperti RAM, serial port, bus-bus datadan lainnya yang membuat pemakai
chip ini dapat menekan penambahan komponen pendukung, Spesifikasi perangkat keras
dari mikrokontroller AT89S52 adalah sebagai berikut:

e CPU(Central Processing Unit) dengan lebar data 8 bit

e Prosesor Boolcan untuk operasi logika 1 bit

¢ Pembangkil clock internal

e Tiga bush timericounter 16 bit

e Dua buah saluran inferupsi eksternal

s Jalur YO dua arah 32 buah

s Memori program terpisah dari memori data

e Memori data infernal 256 byte

e Alamat memori program eksternal 64 Kilobyte

s Alamat memori data eksternal 64 Kilobyte
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Memori program infernal schesar 8 Kilobyte
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Gambar 2.7 Konfigurasi Pin-Pin AT§9552/%

Berikut ini adalah penjelasan dari masing-masing pin mikrokontroller AT895852:

Pin 1 sampai 8

Port 1: Merupakan & bit saluran masukan'keluaran dua arah. Setiap saluran
mampu melayani 4 masukan.

Pin 9

RST: Merupakan masukan reset. Logika Aéigh yang akan membuat
mikrokontroller AT89552 menjalankan rutin reser.

Pin 10-17

Port 3: Port 3 terdiri duri 8 saluran masukan/keluaran dua arah. Setiap saluran
mampu melayani 4 masukan.Selain itu masukan/keluaran port 3 juga mempunyai

fungsi-fungsi khusus yang dimiliki oleh keluaran MCS-51. Fungsi tersebut dapat
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dilihat dalam tablc2. 14

Pin 18-19

X1 (XTAL) & X2 (XTAL2)Jika dikonfigurasikan bersama sebuah kristal akan
membentuk rangkaian osilator on-chip pada mikrokontroller.

Pin 20-27

Port 2 : Port 2 terdiri dari 3saluran masukan/keluaran dua arah,setiap salurannya
mampu melayani 4 masukan. Port 2 mengeluarkan alamat bagian tinggi (A8-
Al3)selama pengambilan  intruoksi dari memori  program  edsrernal dan
pengambilan data dari memory data ekstermal yang menggunakan mode
pengalamatan 16 bit (dengan perintah MOV @DPTR).

Pin 29

PSEN : Program Store Enable merupakan sinyal baca yang mengesekusi memori
program efsiernal.

Pin 30

ALE/ PROG :dddress Latch Enable merupakan pulsa yang berfungsi menahan
alamal rendah (A0-A7) pada port 0, selama dilakukan proses baca atau tulis
memori eksferrald. Pin inmi juga berfungsi scbhagai masukan pulsa program
{ PROG ),selama dilakukan pemrogaman pada EEPROM eksternal,

Pin 31

FA (NPP: Eksternal Access. EA dihubungkan dengan VS5 untuk memungkinkan
pengambilan instruksi pada pengambilan intruksi pada memori program eksfernal
yvang berlokasi 0000h-FFFFh. Jika diinginkan menggunakan memori program

internu! maka EA dihubungkan VCC.
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* Pin31-39
Port (: Port 0 terdiri dari 8 saluran masukan / keluaran dua arah setiap saluran
mampu melayani 8 masukan. Port O merupakan saluran alamat bagian rendah
(AD-AT), yang dimudtiplekser saluran bus data (D0-D7), vang digunakan pada
saal mengakses memori data eksternad dan memori program eksternal.
= Pin 40
VCC: Merupakan masukan catu daya 5V, dengan toleransi kurang lebih 10%.
2.10.1. Organisasi Memori
Organisasi memori pada mikrokontroller AT89552 dapat dibagi menjadi dua
bagian besar yaitu memori program dan memori data. Pembagian tersebut didasarkan atas
fungsi dari penyimpanan data maupun program. Memori program digunakan untuk
menyimpan instruksi-instruksi yang akan dijalankan oleh mikrokontroller.sedangkan
memori dala digunakan sebagai tempat penyimpanan data yang sedang diolah
mikrokontroller.
Program mikrokontroller disimpan dalam memori program berupa ROM.
Mikrokontroller AT89552 dilengkapi dengan ROM internal namun untuk program yang

besar digunakan ROM eksternal yang terpisah dari mikrokontroller. Untuk dapat

menggunakan memori program ekstermal ini penyemat / E4 dihubungkan dengan
penyemat Vgs(logika 0).
Memori program mikrokontroller alamat 16 bit mulai 0000n-FFFFn, sehingga

kapasitas penyimpanan program maksimal 2'® hyfe atau 64 Kb. Sinyal yang digunakan

unutuk membaca program eksternal adalah sinyal PSEN (Program Store Fnable).
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Selain memori program mikrokontroller AT89852 juga memiliki memon data
internal berkapasitas 256 byte dan mampu mengakses memori data elsternal sebesar 64
Kb. Semua memor data infernal dapal dialamati dengan pengalamatan langsung atau
tidak langsung. Ciri dari pengalamatan langsung adalah operand bensi data yang diolah.
Sedangkan ciri dari pengalamatan tidak langsung adalah operand alamat register yang

berisi alamat data yang akan diolah, Untuk membaca data digunakan sinyal /RD,

sedangkan untuk menulis data digunakan sinyal / WR.
2.102. Register Fungsi Khusus

Register fungsi khusus (Special Function Register) terletak pada 128 byte bagian
aias memori data intermal dan berisi register-register untuk pelayanan laich porr,
timerprogram status words.control peripheral dan sebagainya. Alamal register fungsi
khusus ditunjukkan pada table 2-6.

Register-register ini hanya dapat diakses dengan pengalamatan langsung. Enam
belas alamul pada register fungsi khusus dapat dialamati perbit maupun perbyte dan
terletak pada alamat BUp-FFy Secara perangkat keras, register fungsi khusus ini

dibedakan dengan memori data internal.
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Tabel 2-7. Nama dan Alamat Register pada Register fungsi Khusus''”

Simbol Nama Register Nilai pada saat Alamat
resgt
ACC Accumudator 00y 0EOy
B _ Register B 00H OFOH |
PSW Program Status Word 00H ~ ODOL
SP Stack Pointer 07H 3IH
DITR Data Pointer 2hytes
 DPL Low Byles DO0OH 82H
DPH High bytes 0000H 83H
PO Port () FFH BOH
Pl Port 1 FFH 90H
2 Port 2 FFH 0AQH
| P3 Port 3 FFH OROH
IP Interrupt priority control | XXX00000B OB8H
IE Intrrupt enable control 0XX00000B OARII
TMOD | Timer/counter mode control 00H 89H
TCON Timer/counter conirol 00H 88H
. THO Timer/counter () high bytes 00H 8CH
TLO Timer/counter {1 low hytes 00H 8AH
. TH1 Timer/counter Thigh bytes 00H 8DH
TL1 Timer/counter llow bytes | 00H 8BH
SCON Serial control (O H 98H
SBUF Serial Data Buffer Independen 99H

Beberapa macam rcgister fungsi khusus yang sering digunakan, dijelaskan
schagai berikut (Modul Pelatihan MCS-51,14-15):
* Accumulator (ACC) merupakan register untuk penambahan dan pengurangan.
Perintah Mnemonic untuk mengakses akumulator disederhanakan sebagai A,
¢ Register B merupakan register Khusus yang berfungsi melayani operasi perkalian
dan pembagian.
o Program Sratus  Word (PSW) terdini  dari beberapa  hit  status yang

menggambarkan kejadian diakumulator sebelumnya. Yaitw carry bit, auciliory

37




carry, dua bit pemilih bank, bendera overflow, parity bit,dan dua bendera yang
dapal didefenisikan sendiri oleh pemakai.

Stack Pointer (SPYmerupakan register & bit yang hanya dapat diletakkan di alamat
manapun pada RAM internal. Isi register ini ditambah sebelum data disimpan.
s¢lama instruksi PUSH dan CALL. Pada saal resef register SP diinisialisasi pada
alamat 07H, sehingga stack akan dimulai pada lokasi 08H.

Data Pointer (DPTR) terdiri dari dua register, yaitu untuk byte tinggi (Date
pointer high,DPH) dan hyre rendah (Dava poimer fow, DPL)yang berfungsi untuk
pengalamnatan alamat 16 bit.

Port 0 sampai porr 3 merupakan register yang berfungsi untuk membaca dan
mengeluarkan data pada port 0,1,2,3. Masing-masing register ini dapal dialamati
per-fyte maupun per-bif.

Serial Data Buffer (SBUF) merupakan dua register yang terpisah, register buffer
penginim dan sebuah register buffer pencrima. Meletakkan data pada SBUF
berarti meletakkan pada bujffer pengirim yang akan mengirimkan data melalui
transmisi serial. Membaca data SBUF berarti menerima data dan buffer penerima.
Control register terdiri dari register yang mempunyai fungsi comfrol Untuk
mengonirol systemn interupsi, terdapat dua register kKhusus, yaitu register [P
(fmterrupt priority) dan register [E (fmterrupt enable). Untuk mengontrol
pelavanan  timercounmter  terdapat  register  khusus,  yaitu  register
TCON(timer/counter control) serta untuk pelayanan port serial menggunakan

register SCON{serialport contral).
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2.10.3. Port Masukan dan Keluaran

Mikrokontroller ATE9552 mempunyai 4 port dan masing-masing port terdiri dari
8 saluran bil. Ke empat ini bersifar bidirectional vaitu dapat digunakan schagai masukan
atau keluaran.

Port 0 digunakan sebagai saluran data yang dimultipleks dengan saluran alamat
rendah untuk mengakses memori eksternal,baikmemon program maupun memor data.
Porl 2 mengeluarkan bagian alamat tinggi untuk mode pengalamatan memeoeril 6 bit. Port
ldan port 3 berfungsi sebagai saluran masukan dan keluaran multi fungsi. Jika
dibutuhkan port 3 mempunyai fungsi khusus seperti ditunjukkan pada table 2-14.

Tabel 2.8. Fungsi Khusus port 3

Nama Port Fungsi Khusus
Port 3.0 RxD (port masukan serial)
Port 3.1 TxD (port keluaran serial)
Port 3.2 /INTD {masukan interupsi eksiernal (1)
Port 3.3 {INT1 (masukan intcrupsi)
Port 3.4 TO (masukan pewaktu eksternal 0)
Port 3.5 T1 (masukan pewaktu eksternal 1)
Purt 3.6 /WR (sinyal tulis memori data eksternal)
Port 3.7 /RD (sinyal baca memori data eksternafl)




BAB III

PERANCANGAN DAN PEMBUATAN ALAT

3.1. Pendahuluan

Dalam bab ini akan dibahas perancangan dan permbuatan alat. Pembahasan akan
dilakukan pada setiap blok rangkaian, cara kerja masing-masing blok rangkaian,
perhitungan dan fungsi masing-masing blok rangkaian tersebut. Secara paris besar
terdapat dua bagian perangkat yang ada yaitu :

¢ Perancangan perangkat keras (Hardware).
s Perancangan perangkal lunak (Software).

Pada perancangan perangkat keras akan meliputi seluruh peripheral vyang
digunakan pada sistem ini. Pada perancangan perangkat lunak akan meliputi diagram alir
dan software secara umum, Akan tetapi kedua perangkat ini dalam kerjanya akan saling
menunjang satu sama lain.

3.1.1. Blok Diagram Keseluruhan Sistem

Mikrokontroler dalam diagram blok terdapat 2 bagian yaitn mikrokontroler
Master ATBO88252.dan  mikrokontroler Slave [ AT89852, yang bekerja saling
berhubungan satu dengan yang lainnya, mikrokontroler Master disini bertugas scbagai
pengendali utama darl keseluruhan sistem. Gambar dibawah ini menunjukkan blok

diagram dari keseluruhan sistem.
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Gambar 3.1, Diagram Blok Keseluruhan Sistem
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Secara umum sistem kerja dari keseluruhan sistem ini adalah kita setting subu dan
asap sesuai dengan ketentuan, untuk suhu normal ruangan 287 jadi suhu disetting diatas
suhu normal ruangan (misalnya 40") dengan menggunakan tombol lalu ickan Enter.
Untuk setting kadar asap disesuaikan dengan intensitas yang dikategorikan kebakaran
mengeunakan satuan ppm (part per million). Bila besar temperature dalam ruangan
tersebut mencapai 40°C dan intensitas asap mencapai intensitas vang telah ditentukan,
maka mikrokontroller Slave akan memberikan sinyal berupa tegangan yang ditunjukkan
pada rangkaian RS 485 yang berfungsi sebagai pengirim dan penerima data secara serial,

kemudian diterima oleh mikrokontroller Muster yang akan mengaktilkan rangkaian




driver relay [I sehingga akan mengaktifkan pompa I dan air akan menyemprot melalui

pipa dan alarm akan berbunyi berupa informasi yang disampaikan melalui suara

terpogram,tampilan pada LCI} berupa hesar suhu dan asap yang diinginkan. Berikut

penjelasan secara umum masing-masing blok:

Sensor Gas CO (Karbon Monoksida) AF 30.

Mendeteksi kadar asap pada gas C{) (Karbon Monoksida) dan mengubahnya
dalam bentuk fluktuasi tegangan. Kadar asap pada gas CO disini diukur dalam
part per million (ppm). Semakin besar kadar gas CO-nya tegangan pada scnsor
semakin besar pula, demikian juga scbaliknya. Flukiuasi tegangan inilah dapat
diolah dan diproses oleh mikrokontroler yang diubah dalam bentuk besaran digital
terlebih dahulu.

Sensor Suhu LM 35,
Sensor suhu yang dipakai adalah 1C LM35 yang nilai hambatannya berubah

terhadap perubshan subu.Tegangan output pada IC LM35 adalah sebanding
dengan derajad(") temperature serta menghasilkan kenaikan tegangan sckitar 10
mV pada setiap kenaikan suhu 1°C.

ADC 0808.

Mengubzah besaran analog ke hesaran digital 8 bit data, disini menggunakan ADC
0808, 8 input analog dan | outpul data digital. Besaran analog yang dimasukkan
pada ADC, adalah besaran analog dari sensor CO vaitu AF 30 dan sensor suhu

LM35.
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Mikrokontroller Slave AT89552 (Sensor Asap dan Suhu)

Mikrokontroller ini menerima masukan dari ADC 0808 yang membawa data dari
sensor CO AF30 dan sensor suhu LM35 yang kemudian mengirimkan data ke
mikrokontroller Master melalui RS 485,

RS 485

RS483 merupakan kabel komunikasi serial yang bisa mencapai jarak 4000 yard
dengan kecepatan lebih dari | Megabitv/detik. dan pada jarak yang lebih pendek
kecepatan transmisi RS 485 sekitar 10 Megabit/detik. RS485 juga berfungsi
sebagal pengirim dan penerima data.

Mikrokontroller Master ATE9S8252

Mikrokontroller ini merupakan mikrokontroller pengendali utuma yaitu menerima
masukan dari tombol setting yang berfungsi untuk mengeset besarnya suhu dan
kadar asap dalam bentuk ppm yang diinginkan yang akan ditampilkan pada LCD.
Apabila terjadi kebakaran dimana besarnya suhu dan asap sesuai dengan yang
disetting maka mikrokontroller Slave 1 akan mengirimkan daa ke
mikrokontroller Master untuk diproses dan diolah yang akan mengaktifkan
rangkaian driver relay I1 sehingga akan mengaktifkan pompa Il dan air akan
menyemprol melalui pipa dan alarm akan berbunyi.

ISD 1420

Sebagai memori suara terprogram yang dapat menyimpan suara dalam bentuk
data-data digital dan dapat dipanggil dan mengubahnya kembali menjadi data
suara audio. Peripheral 1SD 1420 ini mempunyai waktu bicara sepanjang 20

detik. Fungsi dari bagian ini adalah sebagai alarm apabila terjadi kebakaran.
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LCD M1632.

Menampilkan data-data dari masukan untuk dibaca oleh wser/pengguna, dalam
sigtem ini menampilkan besarnya settingan suhu dan asap.

Tombol

Tombol ini terdapat enam pilihan utama diantaranya adalah: Menu, Select Cancel
Enter, Cek Baca Sensor dan Cek Pompa Penyemprot. Tombol disini berfungsi
untuk mengeset besarnya suhu dan azap yang diinginkan kemudian membaca
subu dan asap pada ruangan terscbut dan mengecek apakah pompa penyemprot
bisa menvemprol atau tidak.

Rangkaian driver

Driver-driver ini merupakan driver refay yang menerima dala-data digital dari
mikrokontroler untuk mengaktifkan relay | yang berfungsi sc¢bhagai penghubung
ke pompa | yang bertugas mengisi tandon jika air habis dan sebagai pemutus ke
pompa I jika air dalam tandon penuh dan mengaktifkan relay 11 berfungsi sebagai
penghubung ke pompa Il jika terjadi kebakaran dan sebagai pemutus ke pompa 11
bila api padam.

Relay 1

Bertungsi sebagai penghubung ke pompa | yang bertugas mengisi tandon jika air
habis dan sebagai pemutus ke pompa 1 jika air dalam tandon penuh.

Fompa I

Berfungsi untuk mengisi tandon jika air habis.
Relay 11
Berfungsi sebagai penghubung ke pompa 1l jika terjadi kebakaran dan sebagai

petnutus ke pompa I bila api padam.
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* Pompa ll
Berfungsi untuk memadamkan kebakaran.
3.2, Perancangan Perangkat Keras
Perancangan perangkat keras terdiri dari heberapa bagian secara umum dapat
dibagi menjadi 3 bagian utama yaitu :
e Bagian masukan yang terdiri dari sensor-sensor, keypad.
e Bagian pemroses data yaitu mikrokentroler.
e Bagian keluaran yang terdiri dari driver-driver. LCD dan ISD.
3.2.1. Perancangan Sensor Asap AF3M
Pada perancangan ini sensor digunakan untuk mendeteksi adanva kadar gas
karbon monoksida (CO) disuatu ruangan. Sensor yang digunakan adalah type AF-30
yang dapat bekerja pada temperatur -10-35 °C. Dari sensor ini bisa diketabui besarnya
kadar CO sesual dengan ouput yang dihasilkan berupa tegangan. Sensor gas ini dirancang
uniuk beroperasi denpan tegangan 5V. Ketika sensor mendeteksi gas, tahanan scnsor

akan menurun.Berikut adalah gambar rangkaian sensor gas AF30.

Laoad

Gambar 3.2, Rangkaian Sensor Gas CO AF-30
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Besamya tahanan sensor (Rs) dapat diketahui dengan persamaan sebagai berikut:

Ve —Vout
Vour

Rs RL

Maka duri situ kita dapat mencari besarnya daya yang dibutuhkan sensor (Ps)

Vel — Rs
(Rs+ RiY

dengan rumus: Ps =
Dimana:
Rs = Tahanan sensor
Ry = Tahanan beban ( Variabel)
Ve = Tegangan kerja pada rangkaian
Vout = Tegangan keluaran (Vo)
Ps — Daya yang di butuhkan oleh sensor (Ps= 15 mw)
Sebagai contoh:
1. Diketahui hasil pengukuran diperoleh kadar CO adalah [120 ppm, R=

10KL2, Vout =2,10 V tahanan sensornya (Rs) adalah:

Re= Fo— Vout &L
Vet

5=2,10

Rs= 10K =13.81KQ2

2 Diketahui hasil pengukuran diperoleh kadar CO adalah 990 ppm, R=10Kk£ .

Voul — 1,94 ¥, tahanan sensomya (Rs) adalah:

Vo —
P fu Vour.
Vet
5—-01.94

Rs= JO0K =15,77KL2
94

-4




3.22. Perancangan Sensor Suhu LM35

Pada dasarnya sensor suhu pada alat ini adalah untuk mengetahui suhu yang ada
didalam roangan. Pada perancangan dan pembuatan alat ini menggunakan sensor LM35
yang memiliki kelebihan pada outputnya yang linier yaitu tegangan output sebesar 10mV
seliap kenaikan 1°C schingga memudahkan dalam pengolahan datanya, untuk
menghitung tegangan output dari sensor ini pada saal membaca temperature adalah:

Voul — Temp x 10mV/C

Dimana :

Yout = Tegangan output dari sensor LM35 (V)

T'emp = Besamya suhu yang dibaca sensor (“C}

Schagai contoh:
Jika suhu yang divkur 40"°C maka tegangan output sensor LM335 adalah:

Vout = 40°C x 10mV/C

Vout = 400mV

Untuk menaikkan resolusi pembacaan data suhu maka output dari scnsor
diumpankan ke suatu rangkaian penguat non inverting dengan menggunakan 1C Op-Amp

LM358. Untuk lebih jelasnya dapat dilihat pada rangkaian dibawah ini:
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Gambar 3.3 Rangkaian Sensor Suhu dan Pengkondisi Sinyval

Persamaan vang digunakan adalah;

s"|;=[l+E$ﬁ
%)

Dari rumus tersebut dapat kita hilung besarnya penguatan dari ouput sensor LM35,

Diatas diketahui : Ri = 1K, Bf= 1K maka penguatannya:

N
A—(I+£'
8

A =t1 + l’i] — 2kali
£

Jadi dari perhitungan diatas diketahui penguatannya adalah 2 kali. Diipilih penguatan
sebegar 2 kali karena menyamakan resolusi dan ADC 0BOE.
3.2.3. Perancangan Analog Digital Counter (ADC) 1808

Dalam pembuatan alat ini juga dibutuhkan pengubah sinyal analog menjadi digital
atau discbut dnalog te Digital Converter (ADC) hal ini disebabkan karena sinyal-sinyal
yang didapat dari sensor suhu dan sensor CO adalah berupa sinval analog sedangkan

rangkaian kontrolnva menggunakan system digital sehingga membutuhkan input berupa
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sinval digital. Jenis ADC vang digunakan adalah ADC 0808 yang memiliki kelebihan
vaitu dapat menerima hingga 8 inputan. Pada alat ini hanya menggunakan 2 inputan saja
yaitu IN-0 {pin 26) sebagai inputan dari pengkondisi sinyal sensor suhu, sedangkan IN-
I{(pin 27) sebagai inputan dari sensor asap. Untuk lebih jelasnya dapat kita lihat pada
tahle dibawzh ini:

Tabel 3.1. Address Decoder ADC D308

I_ Selected Analog Address Line !
' Channel -
C B A
IND L L. L
INT L L, 11
- IN2 L H L
IN3 L H H
N4 H L L
IN5 H L H
B ING H H L
INT H H | |
Derikut adalah gambar dari rangkaian ADC 0B0S:
o TR ATE
[
0 - — 2wy
— l 2w
!1)—'—*-'; L 1w
| '!' LiDasl" d TH-4
!Dtd 3 ™5
S 1) -7
R | S
= 13 =
11 wor
ADCaEe

Gambar 3.4. Rangkaian ADC 0808
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Penjelasan dari gambar diatas:
. IN-0 (pin 26) merupakan inputan yang berupa analog dari pengkondisi sinyal
sensor suhu LM35, INT {pin 27) merupakan inputan yang berupa sinval analog

dari sensor CO (AF30).

o

DO-D7 digunakan untuk mengirim data digital ke mikrokontroller.
3. ADD A dan ADD B digunakan untuk mengirim sinyal dari mikrokentroller untuk
memilih data antara sensor suhu/sensor CO).
Dalam perancangan alat ini menggunakan ADC mode free rurming artinya ia akan
konversi terus-menerus sinyal input yang masuk dengan cara menghubungkan pin EOC

{ End of Conversion) ke SC (Start Conversion),

T
i
= = B
~ — o 21 (%1%
CLOCE [MPUT CLE ik |
EQC C =
o
BC i 14 Ll
ALL ki
e e 17 b
AMALCZ INPUT IND i
A 3
lm_! & -_'uﬂnlss 3 =
” | &
S— - 1
| ; 14—l
] [b76 E L7
SR -, | P
] 7 ‘; 17
4 Wre 15
| AERS
q{ﬁ' r- %

Pada ADC 0808 tidak memiliki clock internal schingga untuk mengaktifkannya
diperlukan clock eksternal. Dalam hal ini menggunakan IC 555 berikut ini adalah gambar

dari rangkaian clock cksternal ADC DBOS.




Tl
o
-
| g DIS —1
: a gm
— lowver Stom |
555

Gambar 3.5. Rangkaian Clock Eksternal ADC QRO
Dari gambar rangkeian diatas dapat kita hitung besarnya frekuensi yang
dihasilkan adalah scbagai berikut:

_ 144
(R1+2R2)C

1,44
(110" +2.1.10° }1.10”

144
2 11107

=480 KHz

Berdasarkan perhitungan diatas dapat diketahui frekuensi yang dihasilkan oleh
rangkaian clock cksternal adalah 480 KHz. 480 KHz dipilih karena frekuensi sebesar ity
sudah cukup memenuhi dengan proses frekuensi yang dibutuhkan oleh ADC. Jadi jika
dilihat data sheet pada ADCO808 frekuensi clock yang dibutuhkan oleh ADC 0808

adalah antara 10-1280 KHz, sehingga frekuensi yang dihasilkan oleh rangkaian clock

eksternal ini sudah memenuhi syaral.
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Pada ADC 0808 Vref diset pada kondisi Full Range yaitw Vref (-) diset pada 0
Volt,sedangkan untuk Vref (+) diset pada 5 volt.pada saat 0Velt yaitu pada 0 scdangkan
pada 5 Volt pada 255, karena kondisi tersebut maka Vrefnya dapat diketahui yaitu
sehesar § Volt.Dari data Vref tersebut dapat dicari output dari ADC dengan persamaan

sebagai berikut:

YVref = 3Voli

. 5 i

Resolusi perbit = l‘;f- - ——=196mF
2 255

{ontoh:
Vanalog = 0.5V

(i 0.5
BaaAbc- Yonalee - 10 _as.

resolusi  19.6mV
324, Peraneangan Ranghkaian Reset

Uniuk mereser mikrokontroler AT8958252, maka pin RST diberi logika tinggi selama
sckurangnya dua siklus mesin (24 periode osilator). Untuk membangkitkan sinyal reset
kapasitor ‘dihubungkan dengan Vec dan sebuah resistor yang dihubungkan ke growsd.

Rangkaian reser ditunjukkan dalam gambar 3-5 schagai berikut :
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Gambar 3.6. Perancangan Rangkaian Resct
Karena kristal yang digunakan mempunyai frekuensi sebesar 11,0592 MHz, maka satu
periods membutuhkan waku sebesar :

l I

= = §=9042x10"" &
Fyrar 11,0502 MH:

T

Sehingga waktu minimal logika tinggl yang dibutuhkan untuk mereset mikrokontroler
adalah :
resetimin) = T x periode yang dibutuhkan
=0042 % 10¥% 24217 ps
Jadi mikrokontroler membutuhkan waktu minimal 2,17 ps untuk mereset. Wakiu
minimal inilah yang dijadikan pedoman untuk menentukan nilai R dan C. Dengan menentukan
nilai R =82 k€2 dan C = 10 uF, maka :

t=0357 R.C = 0.357 = 8200Q = 10.10™ - 29,274 ms
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Jadi dengan nilai komponen R = 8.2 k{2 dan C = 10uF dapat memenuhi syarat minimal
untuk waktu yang dibutuhkan oleh mikrokontroler.

3.2.5. Perancangan Clock

Kecepatan proses yang dilakukan oleh mikrokontroler ditentukan oleh sumber elock
yang mengendalikan mikrokontroler tersebut. Sistem yang dirancang ini menggunakan osilator
internal yang telah tersedia dalam chip AT8958252. Untuk menentukan frekuensi osilatomya
cukup dengan menghubungkan kristal dalam pin 19 (X;) dan pin I8 (X;) serta dua buah
kapasitor ke growrd,

Besamya kapasitansinya disesuaikan dengan spesifikasi dalam lembar data
ATB958252 yaitu 30 pF. Kristal yang digunakan adalah 11,0592 MHz. Gambar 3.6

memperlihatkan rangkaian clock yang dirancang.

—2 " INTI
2 mwTo
15 gy
—_— ™~
[ | [ ™ Ln
4 =, N
EAVP &0
19 7))
w X
X2 w
) RESET :
¥ —
e B
—2 _-WR

Gambar 3.7. Perancangan Rangkaian Clock
32.6. Perencanaan rangkaian RS485
Rangkaian RS 485 ini menggunakan IC MAX 485 yang sama dengan rangkaian
dalam konveter RS 232 ke RS 485.Untuk pin RE dan DE dihubung singkat sehingga

dapat berfungsi sebagai penerima dan pengirim data.
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Untuk pin 1 dihubungkan dengan port 3.0/RXD pada mikrokontroller, pin 2 dan 3
dihubungkan pada port 3.2/INTO, pin 4 dihubungkan pada port 3.1/TXD, pin 5
dihubungkan dengan legangan supply grommnd, pin 5 dan pin 6 masing-masing
dihubungkan dengan resistor sebesar 120€) dan pin 8§ dihubungkan dengan egangan

-h‘HFj?-{}’ +5 Yolt.

w3 w3

Bt |||E et
E 8 | ) B E
]: € 4l "'?ﬁ :|I| E '“} : A IE :]
M D _|_ st J-_'r_—'—liﬁﬂﬂ
"t 4] = T Rz

Gambar 3.8. Rangkalan RS4835

3.2.7. Perancangan Rangkaian fnformation Storage Device (15D 1420)

Pada rangkaian ini suara vang di rekam mengegunakan Mnformation Siorage
Device ISD 1420 yang disimpan dalam EEPROM. Berdasarkan data sheet, 15D 1420 i
mampu merekam suara dengan lama perckaman 20 detik dengan alamat yang berbeda.
Rangkaian 1SD 1420 diwnjukkan pada gambar 3.7. Pin address data menerima masukan
8 bil dari mikrokontroler Master pada Port 0, Alamat-alamat ini akan memilih data suara
yang mana yang akan dipanggil. Kemudian untuk pin Chip Fnable (CF) berfungsi

sebagal pengaktifan (Enabled), secara aktif low yang lerkoncksi dengan Posrt 2.0.
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Ciambar 3.9 Rangkaian ISD 1420
Untuk memberikan peringatan kepada orang yang berada dalam rvangan bahwa

sedang terjadi kebakaran menggunakan 1C ISD 1420. Sinyal suara merupakan bentuk
sinval analog kemudian diubah menjadi bentuk digital untuk disimpan ke dalam memory.
Nata-data digital yang sudah tersimpan vang berasal dari data analog (suara) dapal
dipanggil kembali dengan memanggil alamat penyimpanan datanya. Proses perckaman
pada |51 1420 adalah sebagai berikut ;

s Pin Plen pin 23 mendapat logika fow.

+ Memberikan alamal dengan mengalur dip switch

s Kemudian Pin Pluyback/Record pin 27 mendapat logika fow.

¢ Perckaman dimulai dengan memasukkan data suara pada mikrofon.

s Pin Playback/Record mendapal logika high kembali.
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Mencari alamat terakhir vang ditandai pada REC LED pin 25 terjadi pulsa
fow sesaat kemudian high kembali

Demikian seterusnya, untuk melanjutkan perckaman alamat terkhir dari
sebelumnya diberikan spasi dan memulai perekaman kembali sampai batas

waktu dari kemampuan 15Dnya.

Kemudian untuk prosedur pemanggilan data-data suara yang telah dirckam adalah

schagai berikut :

Pin Play£ pin 23 mendapat logika fow.

Memanggil alamal suara vang diinginkan, pada waktu perckaman tadi.
Kemudian Pin memberikan logika fow pada Playvback/Record pin 27, yang
berarti pemanggilan suara dimulai.

Menunggu pada REC LED pin 25 terdapat pulsa logika fow sesaat.

Bila sudah terdapat pulsa logika low sesaal pada REC LED, segera diberikan
logika high pada pin PlavE, ini menandakan akhir dari data suara pada
alamat ilu.

Demikian seterusnya pada alamat-alamat selanjutnya, sesuai dengan data
suara yang diinginkan.

Tubel 3.2. Data Hasil Perckaman dan Alamatnya Pada |5D 1420

Data Suara yang | Alamat Data Suara dalam Alamat Data
Direkam Biner 8 bit Suara dalam
Desimal
“ Kebakaran™ D000 (00 )
“Pulus™ 0011 0010 30 |

Dengan memanggil alamat-alamat data yang diinginkan maka terbetuk kalimat-

kalimat dari pengpalan-pengaalan kata-kata vang sudah dialamati.
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Dengan memanggil alamai-alamat data yang diinginkan maka terbetuk kalimat-
kalimat dari penggalan-pengealan kata-kata yang sudah dialamati.
32.8. Rangkaian LCD M1632

LCD Display Modufe MI1632 buatan Seiko Instrument Inc. adalah kemponen
display vang paling umum digunakan saat ini. L.CD MI1632 merupakan pancl LCD
sehagai media penampil informasi dalam bentuk huruffangka dua baris, masing-masing
haris bisa menampung 16 huruf/angka.

Untuk berhubungan dengan mikrokontroller, pemakai LCD M1632 dilengkapi
dengan 8 jalur data (DB0..DB7} yang dipakai untuk menyalurkan kode ASCH maupun
perintah pengatur kerjanya M1632. Selain itu dilengkapi pula dengan E, R/W* dan RS
seperti layaknya komponen yang kompatibel dengan mikroprosesor.

RS, singkatan dari Register Select, dipakai untuk membedakan jenis data yang
dikirim ke M1632, kalau RS=0 data yang dikirim adalah perintah untuk mengatur kerja
MI1632, sehaliknya kalau R8=1 data yang dikirim adalah kode ASCII yang ditampilkan.

Demikian pula saat pengambilan data, saat RS=0 dala yang diambil dari M1632
merpakan data status yvang mewakili aktivitas M1632, dan saat RS=1 maka data vang
diambil merupakan kode ASCII dari data vang ditampilkan.

Proses menginim/mengambil data ke/dari MI1632 bisa dijabarkan scbagai berikut -

s RS harus dipersiapkan dulu, untuk menentukan jenis data seperti yang telah
dibicarakan di atas.

e R/W#* di-nol-kan untuk menandakan akan diadakan pengiriman data ke
MI1632. Data yang akan dikirimm disiapkun di DBOLDB7?, sesaat kemudian

sinyal E di-satu-kan dan di-nol-kan kembali. Sinyal E merupakan sinyal
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sinkronisasi. saat E berubah dari | menjadi 0 data di DB0 .. DB7 diterima
oleh M1632.

e Untuk mengambil data dari M1632 sinyal R/W* di-satu-kan, menyusul sinyal
E di-satu-kan. Pada saat E menjadi 1, M1632 akan meletakkan datanya di
DB .. DR7, data ini harus diambil sebelum sinyal E di-nol-kan kembali.

M1632 mempunyai seperangkat perintah untuk mengatur tata kerjanya, perangkat
perintah tersebut meliputi perintah untuk menghapus tampilan, meletakkan kembali
cursor pada baris huruf pertama baris pertama, menghidup/matikan tampilan dan lain
sebagainya, semua itu dibahas secara terpeninci dalam Lembar Data M1632.

Untuk tampilan dipergunakan LCD Dot Matrik 2 x 16 karakter. Sinyal-sinyal yang
diperlukan olch LCD adalah RS dan Enable, sinyal RS dan Enable dipergunakan sebagai
input yang outputnya dipakai untuk mengaktifkan LCD. LCD akan aktif apabila
mikrokontroller memberikan instruksi tulis pada LCD. Saal kondisi RS don't care dan
Enable ) maka LCD tetap pada kondisi semula. pengiriman data ke LCD dilakukan saat
RS berlogika | dan enuble berlogika 1. Instruksi dikirim pada LCD bila keadaan RS 0
dan Enufle |. Pin LCD ini untuk data terkoneksi pada Port ¢ mikrokontoller, Kemudian
untuk RS dihubungkan pada Port 3.6 Master, tulis’baca (Read/'Write) diberikan logika
low karena disini LCD bersifat menulis data, dan yang terakhir Enadle (E) dikendalikan
dengan Port 3.7 Master.Gambar rangkaian LCD ditunjukkan pada gambar 3.8 schagai

berikut :
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(iambar 3.10. Perancangan Rangkaian Liguid Crysial Display (LCL)

3.2.9 Rangkaian Keypad

Rangkaian keypad dalam perencanaan ini menggunakan keypad matrik push button.
Tombal disini berfungsi untuk mengesel besarnyva suhu dan asap sesuai dengan yang
diinginkan. Tombol pada perencanaan alat ini terdiri dari 6 pilihan utama diantaranya:
Menu, Select, Cancel, Enter, Cek Baca Sensor dan Cek Pompa Penyemprot. Pada tombol
ini terletak pada mikrokoniroller Master pada port P1.2, P1.3, P1.4, P1.5. P16 dan P1.7.
Mikrokontroller Master akan aktif apabila salah satu tombol ditekan dengan memberikan
logika 0 pada salah satu port. Gambar rangkaian keypad ditunjukkan pada gambar 3.9

schagai berikut,
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Gambar 3.1 1, Rangkaian Keypad Matriks

3.2.10, Perancangan Rangkaian Driver Pompa air

Perancangan rangkaian driver yang digunakan untuk menggerakkan relay yang
terhubung dengan pompa yang terdiri dari transistor NPN 9013 dan transistor PP 9012
vang difungsikan sebagal transistor switching. Relay yang dihubungkan dengan pompa
diberi dioda yang dirangkai paralel dengan relay dengan (ujuan untuk menghindar
tegangan mundur yang dibangkitkan oleh relay schingga tidak merusak transistor juga
untuk mencegah arus balik yang ditimbulkan dari 1.(induktor) setclah mengalami
perubahan dari saturasi ke cutoff, Gambar rangkaian driver pompa air ditunjukkan pada

gambar 3.10 sebagai berikut.
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Gambar 3.12. Rangkaian Lwiver Pompa air
Diketabui dari data sheet transistor 9012 besamya le=80mA., hie = 120, Vg = (L7

Volt, sehingga:

|{_‘ = IH.* hie

lp= M =0.416m4
120

Maka R adalah:

_ 5-0.7

D al6ma

4.3

== {33 10°
0.416mA

62




Jadi dari hasil perhitungan diatas diperoleh nilai Rg sebesar 10,33.10°Q atau
disederhanakan menjadi 10KL).

Sedangkan dar data sheet transistor 9013 besamya | = 180mA, hie =30, Vge =
0,7 Volt sehingga:

_ 180m4
Ip=
50

=3,6mA

iwiaka Ry adalah:

5-0.7

" 3.6mA

iL

4,3

=1,2.10°C
J.0mA

Jadi dari hasil perhitungan diatas diperoleh nilai Ry sebesar 1,2.10° Q. tetapi
dalam perancangan ini kami pakai 1K
3.2.11. Perencanaan Rangkaian Sensor Level Air

Sensor air berfungsi untuk mendeteksi level air. Sensor air yang digunakan pada
perancangan alat ini adalah senser air yang terdiri dari logam-logam vang berbentuk stick
vang terdiri dari tiga buah logam. Sensor ini bekerja bila sensor level bawah sudah tidak
menyentuh air dan level atas menyentuh air. Dengan prinsip kerja jika dua stick logam
yang panjang (anoda) menyentuh air, maka air akan bermuatan positif, proses ini akan
berjalan sampai air menyentuh stick logam yang pendek (katoda). Ketika air menyentuh
katoda maka akan terjadi hubung singkat yang memberikan instruksi logika | kepada
relay untuk mematiken pompa. Gambar rangkaian sensor air ditunjukkan pada gambar

3.11 sebagai berikut.

63




+
]

|

=

= POL o
52 i,'} Bl ﬁ - g- -
55 oz 13 ]
= 5 ] P13 T
o T FoA P4 Ky
> A ms MS
I 'n—— MeE P15 F
o | i POt F7
2 | By
T -—J—, = ALEF RIT —2
Profe *— =3
l . L En P27 PRORED 1o
. 1
IE oy Fié  TAATRD |
P~ L8 : | ﬁ Fis  pmamTo L2
; S Fi4  FEINTI
! i, SRS A
b P13 PASTI
Cioe I 1%
. P FIE |
d ’ i ez i
| i .
L E 18 '—E—-.-.— | AN
5 1wk g |
; — 105

L_l

ATHEELD

) L& .-"-.-". = = |
[(Emte N 4:| J " T o |
3 ;.;rﬂ = o)

Crambar 3,13, Rangkaian Sensor Level Air
3.2.12. Perancangan Minimum System Mikrokontroller Master AT89588252

Mikrokontroller Master merupakan pengendali utama,dalam hal ini menggunakan
mikrokontroller AT8958252. Rangkaian mikrokontroller AT8§9S8252 berfungsi sebagai
pengolah data yang dihasilkan oleh penekanan keypad yang berflungsi sebagai inputan
dan menampilkan data tersebut ke dalam LCD dan ISD1420 yang berfungsi sebagai
culput.

Pengaturan jalur input dan outpui pada rangkaian mikrokontroller untuk sebuah
rancangan terpogram, sangat berkaitan erat dengan progam yang kita buat. Dalam
mikrokontroller menyediakan jalur-jalur 32 input-output yang dapat digunakan secara
bersamaan untuk tiap kelompok terisi 8 hit. Adapun rangkaiannya ditunjukkan seperti

pada gambar 3.12 dibawah ini:
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Gambar 3.14. Rangkaian Mikrokontroller Muster ATE988252

Berikut adalah fungsi dari pin-pin mikrokontroller master:

Port 1.0 digunakan untuk mengaktifkan rangkaian driver relay [ jika air pada
tandon habis maka pompa | akan nyala dan ketika air pada tandon penuh maka
pompa | akan berhenti.

Port 1.1 digunakan untuk mengakiilkan rangkaian driver relay [ apabila terjadi
kebakaran sehingga akan mengaktitkan pompa 1l dan air akan menyemprot.

Port 1.2 berfungsi sebagai inputan dari tombol Menu vang berisi batas suhu dan
batas asap.

Port 1.3 berfungsi schagai inputan dari tombol Select vang berisi pilihan apakah
memilih setting suhu atau asap dan memilih range yang diinginkan.

Port 1.4 berfungsi sebagai inputan dari tombol Cancel apabila ingin kembali ke

menu semula,
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10.

11,

12.

13.

14,

I5.

3.2.13.

. Port 1.5 berfungsi sebagai inputan dari tombol Enter yaitu masuk ke menu yang

diinginkan.

Port 1.6 berfungsi sebagai inputan dari tombol Cek Baca Sensor yaitu mengetahui
sensor tescbut mendeteksi asap dan gas pada ruangan.

Port 1.7 berfungsi sebagai inputan dari tombol Cek Pompa apakah pompa tersebut
bisa menyemprot atar tidak.

Port .0-0.7 berfungsi sebagai output data ke LCD dan ISD.

Port 2.0 berfungsi untuk mengaktitkan ISD.

Port 2.7 berfungsi scbagai sensor level atas.

Port 2.6 berfungsi sebagai sensor level bawah

Port 3.6 memberikan pulsa ke RS pada LCD.

Part 3.7 memberikan pulsa ke F{enable) pada LCD.

Port 3.0-3.2 berfungsi untuk menerima data dari RS 485.

Perancangan Mikrokontroller Sfave Untuk Sensor Suhu dan Asap

Mikrokontroler Slave [ menggunakan mikokontroler ATR95852. Mikrokontroler ini

bertugas mencrima masukan dan sensor gas €O AF-30 dan sensor suhu LM33 kemudian

mengirimkan data ke mikrokontroller Master. Berikut ini adalah konfigurasi pin-pin yang

digunakan :
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3.3.2. Flowchart Untuk Cek Tandon

Sensor Batas
Atas=low ¢

Sensor Batas
Bawah = low 7

Tambol

Y est ditekan
Nyalakan
Pompa
Pengisi Yes
A 4
Nyalakan
Fompa
Penyemprot

Matikan Pompa
Penyemprot

<

RETURN

Gambar 3.17. FloweEart Cek Tandon
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tombol reset suhu

tombol reset asap

play 18D

dip-switch address 0
dip-switch address i
level air 0

Tevel aipr 1

select sensor suhu / gas
reset LCD

enable Lco

| data suhu
| cacah data suhu

data gas
cacah data gas

setting suhu
setting gas
buffer pilih 0
buffer pilih 1
status suhu
status gas
characrer LcD
counter
timeout 0
timeout 1
delay 0O

delay 1

delay 2

delay 3

injsja1jsasi LCD
inisialisasi sarial

Page 1




radit_Master
manw Hurf,#16
acall tulis
acall Tine2
mow Hurf,#16
acali tulis
acall  delayl
sjmp mulaq

tamenu; jnb Th10,% ; tunggu lepas rombol menu
acall  rd_mem
1enull: cjne RO, #0, menudl

mov DPTR, #=stgshu
1enull: Cjne RO, #1 ,menu0?
Moy OPTR, #stggas
wenud?: acall Tinel
moy Hurt, #16
acall tulis
mow DPTR, #kosong
acall Tine2
Moy Hurf,#16
acall tulis
enud3: mov DPTR , #angka
cjne RO, #0, menuQ4
Mo PO, #0C6h
acall w_ins
M AL,mTsh
moy B.#10
div AB
acall wr_chr
moy ALB
acall wr_chr
moy PO, #0DFh
acall w_chr
mov PO, #"cC!
acal] w_chr
mov PO, #0D0Oh i buang cursor

acall w_ins
sjmp menus

1enu4: mov PO, #0C4h
acall w_1ns
mow A,5tgs
mow E.#100
div AE
acall  wr_chr
moy N, B
mow B.#10
div AB
acall wr_chr
mov ALB
acall wr_chr
mov PO E'D"
acall w_chr
mow PO, #'n’
acall w_chr
mow PO, #'p"
acall w_chr
Moy PO, #'m"
acall w_chr
moy PO, #0D0h ; buang cursor
acall  w_ins
1enuld5: jnb Thll,§ ; tunggu lepas tembol select
lenul6: acall  jeda
Th11l,menudg i cek tekan tombol select
1nc RO
cine RO, #2 ,menuQ7
moy RO, #0O
1enul7: Tjmp menu(
1enu0s : jg Tb12, menuQ9
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enul}9:

bmnQ0 :

bmn0l:

bmn02:

bmn03:

bmn04 :

bmn05:

bmnl0:
bmnll:

Tjm
mp
ib
jnb
mov
acall

moy
acall

cjne
mowv
mov
mov
acall
mov
mov
div
acall
mow
acall
mow
acall
may
acall
M
dcdl]
jnb
acall
ib
inc
mov
£jne
mov

)
mov

1imp
it
mowv
acall
mow

T1imp

moy
mov
mov
acall
mow
mow
div
acall
Mo
mov

acall
Mo
acall
mow
acall
mov
acall

acall
mov
acall
MY
acall
jnb

sB,#07h
mulai
Th13,menudé
Th13,4%
DPTR,#plhbts
Tinel
Hurf,#16
tulis

RO, #0,sbmnl0
BufO,#35
DFTR ,#angka
PO, #0CEh
w_ins

A, BufO
B,#10

AR

wr_chr

ALB

wr_chr
FO,#0DFR
w_chr
FO.#'C'
w_chr

PO, #0000
W_INns
Th11,58

jeda
Tbh11,sbmnD4
Buf0

A, Buftl

AL #51, shmn03
Bufl,#35
shmn(l
Th12,sbmnds
sp,#07h
mulai
Th13,shmn02
stsh,Buf0

W r_mem
sp,#07h
mulai

Bufl,#120
DPTR, #angka
Pﬂt#UC4h
w_ns

A, Bufl
E,#100

AB

wr_chr

ALB

E,#10

PO, #'m'
w_chr
Pﬂz#ﬂnﬂh
w_1ins
Th11,%

Dadit_Master
:oreset RAM

tunggu lepas tombol enter

- cek pilih sub menu suhu
- awal set batas suhu

; buang cursor
tunggu lepas tombol select

- cek tekan tombol select

i reset RAM

;o reset RAM

: awal set batas gas

; buang cursor

: tunggu lepas tombol select
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ibmnl?2:

ibmnl3:
ibmnld:

ibmnl5:

ye_dts:

g dts:

id_dts:

ishps0:

dshpsl:

ishps?:

ac_dtg:

tg_dtg:
ad_dtg:

dghps(:

qca11

inc
inc
inc
inc
inc
Mo
cjne
mow

sjmp
3
mowv
1imp
ib
mowv
acall
r_'l"l'l:::I'\«r
1jmp

mov
acall
acall
Moy
acall
acall
cjne
sJmp
mov
mo
moy
div
Mo
mow
mov
div
mov
Mo
Mo
cjne
moy
MoV
cine
moy
cine
moy
acall
ret

mov
acall
acall
mov
acall
acall
cjne
simp
mon
mow
moy
div
mov
mow
mowv
div
Mo
mow
mow

jeda
Th11l,sbmnl4
Bufl

Bufl

Bufl

Bufl

Butl

A, Bufl

A, #25%5%, sbmnl3
Bufl,#120
sbmnll
Th12, shmnl5
spP,#¥07h
mulai
Th13,sbmnl2
stgs,Bufl
wr_mem
sp,#07h
mulai

A, #1
kr_sril
tgrspn
A, #1
kr_srl
rsremd
R7 ,#0FFh,ad_dts
tg_dts
ALRY
Dtal, A
B, #100

A,Dtal

AL #0,dshpsl
btal,#10

A, Dtal

A, #0,dshps?
a,0tal

A, #10,dshps2
praZ ,#10
delays

P S |
kr_srl
tgrspn
AL HZ
kr_srl
rstcmd
R7 ,#0FFh,ad_dtg
tg_dtg
A,R7
Dtad, A
B,#100
AB
Dtas,A
a,B
B,#10
AB
Dtat, A
ota/,B
A,DLtab

Dadit_Master

cek tekan tombol select

: reset RAM

reselL RAM

data address for slave 1
kirim ke serial

Tunggu respon

data address suhu

kirim ke serial

@ omwoma W

- data address for slave 1
* kirim ke serial

7 tunggu respan

: data adrress gas

© kirim ke serial
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dghpsl:

dghps2:

:
bec_sns:

becsns:

ék_bts:

ckbts0:
ckbtsl:

ckbts?:
ckbis3:

cjne
mov
mav
cjne
moy
cjne
mov
acall
ret

mow
acall
Moy
acall
acall
mov
acall
acall
acall
mov
Mo
acail
Moy
acall
mcu__
acalli
T
acall
MO
acall
Mo
acall
Mo
acall
mow
acall
mow
acall
mov
acall
mav
qca11

Mo
T1jmp

acall
acall
Mo
Mo
div
cjne

simp
mov
mov
mow
div
cine

simp
mow
mow
cjne
mov
E%ne
clr
acall

a,#0,dghpsl
Dta5,#10

A, Dtab

A, #0,dghps2
A.Dtad
A,#10,dghps?
Dtab,#10
delays

DPTR, #shugas
Tinel
Hurf,#16
tulis
Tine?
Hurf,#16
tulis
bc_dts
bc_dtyg
DPTR, #angka
PO, #0C1h
w_1ns

A, Dtal
wr_chr
A,Dtal
wr_chr
A, Dta3
wr_chr
FO,#'0
w_chr
PO, #0CAh
w_ins

A, Dtas
wr_chr
A, Dtab
wr_chr
A, Dtal
wr_chr
PO, #0DFh
w_chr
p0, #0D0Oh
w_ins
Th12,bcsns
sp,#07h
mulai

be_dts
bc_dtg
A.Dtad
B,S5tsh
AB

A, #0,ckbtsd
Sshu, #0
ckbtsl
sshu,#1
A, Dtad
B,Stgs
A

B
A, #0,ckbts?
SEas,#G
ckbts3
sgas,#1
A, 5shu
A, #1,ckbts4
A, 5045
A, #1, ckbts4
r1y0

bhahaya

padit Master

: baca data suhu
: bara data gas

: buang cursor
resat RAM

: baca data suhu
: baca data gas

@

-

| bagi data suhu dg
| data batas suhu

R R N

Ty

jika hasil=0 -> status suhu=0

an

; jika hasil=l -» status suhu=1
N

| bagi data gas dg

| data batas gas

/
; jika hasil=0 -» status gas=0

A owd WA

: jika hasil=l -» status gas=1
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ckhts4:
ckbtsh:

iinel:
Tinez:

tulis:

i
wr_chr:

W_1rs:

:
w_chr:

Ted_in:

' ;
srl_in:

sjm
set
ret

mov
acall
ret

mow
acall
ret

clr
mowve
Moy
inc
acall
dijnz
ret

Mmow e
mov
acall
ret

i
clr
acall
seth
clr
acall
ret

clr
seth
acall
seth
clr
acall
ret

acall
acall
mow
acall
acall
mow
acall
mow
acall
mow
acall
mow
acall
acall
ret

acall
seth
moy
mow
mow
seth
sath
clr
acall
ret

padit_Master
ckbts5s
R1y0

PO, #080h

w_1ins

PO, #0COh
w_1ns

A

4, @ALDPTR
FO, A

OPTR
w_chr
Hurf,tulis

A, BALDPTR
PO, A
w_chr

Enixi
REsT
jeda
Enbl
Enbl
jeda

Enbl
Rest
jeda
Enbl
Enb]
jeda

delays
dalays
PO, #02Fh
w_ins
w_ins
P, #0Dh
w_ins
PO, #06h
w_ns
B0, #01h
w_1ns
PO, #0Ch
w_ins
delays

delays

EA

TMOD , #20h

THL1,#0FDh

SCON, #50h

TR1

ES :
slct : select RS485 receive

delays
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padit_Master

kr_srl: seth slct : select RS485 transmit
acall jeda
clr ES
mowv SBUF , A
inb TI,%
clr TI
setb ES _
clr slct : select RS485 receive
ret

retomd: mov R7 ,#0Ffh . reset data command
ret

tgrspn: mov Tmrl, %0
moy Tmtl,#0

acall rstcmd

tg_rsp: cjne RY . #0FFh,ad_rsp
dinz Tmtd, tg_rsp
dinz Tmtl,tg_rsp
acall jrgpts

mov SP,#07h ¢ reset RAM
Timp mula’
ad_rsp: ret
ﬁt_wr: [y A, Wmon
anl &, #wldg
jz wit_wr
ret
étwrmm: arl Wmcn , #Eemn ; Q0011000b
arl wmch , #Eemy
ret
arwrmm: Xxr] Wmon , #Eemw 1 000000000
xr wmcn , #Eemn
ret
strdmm: orl wWmon , #Eemn ;000010000
ret
anrdmm: xr wmen , #Eemn ;000000000
ret
Lr_mem: Teall Stwrmm
moy DPTR, #00h
mov A,5tsh
Mo X {HDPTR, A
Tcall wt_wr
maoy DPTR, #01h
mov A, 5Tgs

Mo X EADPTR, A
Tcall wWE_wr
Tecall anwrmm

ret

‘d_mem: acall strdmm
moyv DPTR, #00h
movx A, GDPTR
mov 5tsh,a
mov DPTR, #01h
MoV A, HDPTR
mav 5tgs,A
acall anrdmm
ret

-andon: jb LevD, tndan
b Levl, tndaon
seth RTyl

Page 7




tndan :
tandn:

5ahaya:

_"jr'gp'ts:

iﬂda:

ae1ays:

dlys0:
dlysl:

ﬂe]ay1:
dliyl:

i
bicara:

1
nama:
jrusan:

stgshu:
stgoas:
plhbts:
shugas:
clcppm:
angka;

kosong:

2k
ret

mov
acall
clr
moy
acall
seth
ret

moy
acall
cln
mow
acall
seth
ret

dinz
ret

acall
ib
T
Mo
Mo

1gmp
b
imp

dinz
ret

mow
acall
acall
acall
acall
dinz
ret

acall
djnz
ret

DB
LB
CEBE
DB
DB
bE
DB
DB
DB
DB
DB

end

tandn
Ryl

PO, #00
jeda
Pyl
Dly3,#20
bicara
Ply

PO, #50
Jjeda
Pyl
Dly3,#15
hicara
Pyl

Dly0, 3

jeda
Th10,d1ys0
R, 7O

R1,#0

RZ2,#0
mamenu
Th15,d1ysl
Th15,%
bc_sns
Dlyl,delays

Dly2,#20
rd_mem
delays
ck_bts
tandon
vz, dlyl

delays
oly3,bicara

" radhitya Purbo

0217068
Teknik Ele

ktro

ITN Malang

Batas Su

Pilih Bat
Gas

ppm
0123456789

L}
L]
L]
v
. Batas Gas
¥
L
L]
v

hu

a5
suhu
C

- e w wm a m am m o om om

DadiL_Master

resel

; cek tekan tombol menu :
tunggu lepas tombol kalibrasi

baca memory

Page B

cak tekan tombol menu
STATUS maln-menu
reset status sub-menu suhu
reset status sub-menu gas

cek batas
: cek tandon



Wit

1lai:

k0O

101

k02

k(33

—shu:

_gas:

_1n:

org
1imp

arg
clr
jnb
clr
mov
seth
retl

add0
Addl
Sslct
adda
adde
adar
Dly0
DIyl
Dly2

acall
acal]

cjne
=Nl
aca#1
clr
moy
Mo
subhb
cine
acall
acall

sim
aca?1
simp

cine
acall
acall
acall
sjmp
cine
acall
acall
acall

simp

clr
clr
acall
Mmooy
acall
ret

seth
clr
acall
mow
acall
ret

acall
acall
seth
mowv
mowv

on
mnt

23h

ES

RI,S

RI

R7 , SBUF
ES

Bit P2.0
Bit PZ2.1
Bit P3.72
Bit P3.7
Bit P3.6
Equ 20h
Equ 31lh
Equ 32h
Equ 33h

srl_in
rstcmd

R7 , #0FFh, cek0O0

I d el d
scnadr

C
A, addr
B,RY

ALE

A, #0,cekll
respon
rstomd
cekDd?
rstcmd
mulai

R7,#01h,cek03
rstemd

bec_=shu

kr_srl

mulai
R7,#02h, cekD2
rstomd

bc_gas

kr_srl

mulai

Adda
adds
jeda
A,Pl
jeda

Adda
AddB
jeda
A,PL
jeda

delays
delays

EA

TMOD, #20h
TH1,#0FDh

W mm iaE w e EE e wama wma

W AR AN RN AL R

padit_Slave

inizialisasi seriai
reset data command

cek command = FF
yes-»kembal i, no->sumakan aqdress
scaning address

clear tlag

kurangi data address

dengan data command

jika data sama

maka

respon

reset data command

cek command selanjutnya
jika data tidak sama .
reset data command & kembali

cek command — 01

reset data command

es -> baca suhu, no -> cek ulang
irim ke serial

kembali

cek command = (2

reset data command

es -» baca gas, no -> cek ulang
irim serial

kembali
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A i

aspon:

stemd:
—nadr:
znad0:
cnadl:
cnadZ:

cnad3:

xda:

xlays:

alayl:
Iyl:

mow
seth
setb
clr
acall
ret

seth
acall
clr
mov
jnb
clr
sethbh
clr
ret

acall

acall
ret

maY
ret

ib
iy
n
3b
o
%nb
mowv
jnb
jnb

mov
ret

djnz
ret

acall
dijnz
ret
mow
acall
dinz
ret

end

sCoM, #50h
TR1

ES

sict
delays

sict
jeda
ES
SBUF, A
TI, %

R7 , #0FFh

Addd, scnadd
addl, scnad0
addr . #0
Add0,senadl
Addl, scnadl
Addr,#1
Add0, scnad?2
addl,scnad?
addr,#2
add0, scnad3
addl, scnad3
Addr,#3

Dly0, %

jeda
plyl,delays

Dly2,#20
delays
Dly2,dlyl

padit_Slave

-

select RS485 receive

salect RS485 transmit

select RS4B5 receive

data respon

reset data command
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GAS SENSORS : TYPE AF30

DESCRIPTION:

Gas sensar made with thick Alm element,

FEATURES:

+ Constant heater voltage

+ Tight resistance tolerance

* High sensitivity

= Typlcal apoiications include air purifiz

DATA:

Operating conditions:

Operating temperature .....ouwe.. =10 0 +55°C
Storage temperature ....comeee -30 to +60°C
Load Resistor R, .....cccceeinaninsernsnnnae.: Variable
Heater resistance .........cccceviemeeees 278 {MOM)
Rated power consumption P, ........ <15mW

Rated working voltage of circult Wi
ereeees BV .0, OF BV s a,¢. (max 15V}

gt

SR mTEIEREEEEEEEEANERIRE

EEmEETEERAEE

LELTEIETP R T

;mﬂdngvultagauﬂnatar

.5+D2‘u’dn

LR N N R RN LR R RN R R IR IO RE RN TR U] 5 in 2 ‘u’ rrr's a‘ B
Parts and material;

Sensing e'ament......
Thick film heater ...

[T 1 T

Flama arrestor ..

CEE T T T T

. Semi-conducting oxide
rnimsnassnennns PIETIOLM
LLLLLUIL TR R L) Nm-l EE

s Nickel alloy

CIGARETTE SMOKE SENSOR

DIMENSIONS:

07ix02

IL7=02

5+0.5

Dirmersions Inmm

Typical gas sensitivity:

.- Double 100-mesh stainress gauza {SUSSJ.E‘:J £ i — T——
Sensitivity characteristics: e i
L Specification | Conditions i : :
Sensor | E
resistance | 15k to 35k 0 |In clean air igrsbarsnnisiied e -
Rgos e
C Y mowig hrsaginy 8 5
; 4 jat FIF_HTI 2 LEY mli s Bassy e e
| clean air (*) . i % o
i Power Cind eenerwerasion|ppm |
| consurnption 535mW (max) (*) Comelation between H, and cigaratte smoke
Mechanical characteristics:
'Test Concition Performance
Vibration |Frequency: 10 - 500 Hz Should satisfy the
Amplitude (10 - 50Hz): 2mm specifications shawn in the
Acceleration (50 - 5CO Hr} 10G senstivity characteristics
Recipricol scanningtime: 5 min
Test time: 2 hours eacl for X, Y and Z directions
Shock Acceleration: 100G
Number of impacts: S

Crats byt [ AE30-1

BOWTHORPE THERMOMETRICS

THERMOMETRICS, IMC.

Crovn Irelustrial Esleie, Priprswond Rl 808 LIS Mghmewary §

Taunton, Somerset TAL BOY LK

el LA (AT 335300
Foe 44 0018232 232637

“rrall Infoefit hesmomeair, o3 .com

Edlisney, Mew Jersey 0881 T-4655 LA

Tad +10722) 287 1870
Fas 4 1(732) 287 (AT

Emal; sdesmtrmsa com

KEYSTOME THERMOMETRICS - CORPF  DAEWOD THERMOMITRICS

DETWirndfall Roed # 30} 3nd Foor Sathal Bkdg

St Marys, Pereeytvania 15A57-3397 USA 12041 Yonoies dormy. Secchor K, Seoul, Kioveq
Tel +1 [B14} B34 5140 Tal 4 @2 002 516523 5233

Fax +1 @14) 781 760 Faw e B2 X BTE 5134

Email: spesibreyore-usa com Smal; thmkoneamhora dacor ook




GAS SENSOEKS : TYPE AF30

SMOKE SENSOR

NOTES:
Pin allocation and standard test circuit:

- Yout

WARNING:

Test conditions:

Atmosphere

Clean air at 25+ 2°C and 50=5% RH without
noiss gas,

Clreuit condition

Ve (CIFCUit VRIAER) ... vveeeimen i v 5+0.05V
Vh (eater VoIBES) v e 5+0.05v
Preleat fime . i mrine 48 hours
Tast gas

Hydragen............ A R SR ReT 10ppm

Do not use if the caze or wire netting is damaged. otherwisz built-in heater may cause explosions or fires.

Co not disassemble or change any parts.
Use only within specified conditions.

Dty 45wt D-AFS0- 1

AOWTHORPE THERMOMETIHCS THERMIOIMETRICS, INC

Gromm L rclusirial Estnte, Pricnwood Ad 08 LIS Highwary 1

Edizoi, Mew Jersey (0838 17-£695 USA
Tel =1 (F32) 287 2RO

Fam +1 (712) 287 #Ra 7

Ermal. sarbe s b o4 com

Taviran, Somar s TaF B0 LK
Tel +44 {00182 335200
lor 4 44 D}1B23 33F63T
I rmail: e e e n s s oem

KEYETOME THERMOMETRICE CORE. DAEW OO0 THERMOBME TRICS
BET Wimlall Resed
51 Marys, Pormayheania 1SES 3300 USA 3741 Yanglhe-donn, Secche: B, Seou ], Kere
Ted 1 B14) B34 9140
Va1 iH145 FRY MO0
Ermail salrsiifasmone s comn

A 302 Jadd (o) Baifwl By,

Ted #R7 (012 5TE5237, 2770
Fae cHY 102 GFR G234
Emailthmker cadibhorad acom oobr




&Nuﬁanui Semiconductor

LM35

duly 1693

Precision Centigrade Temperature Sensors

General Description

Tra LM3SE saries ane precikion mieg rate 1-croull tempensiure
sensons, whose outpu! voltage |s Ansarty proporional o the
Celsius (Cantigrade) lamparsiure. Thae La35 thus has an
sivaniage over linesr tempeaiure setsors callbated In
" Kahvin, aa the user 8 nol required o sublrac s lame con-
siani voliaga from its cutart tooblein corvenlen Canllgreds
soading. The LM3IE dods nol requine any eebemasd callrafion
or tinming o provide hyplesl scocumcles of $V4°C at rocm
jampergiure Bnd £3°C owar a Ul =55 lo +150°C tempora-
fure rangs. Low cosl v assured by Immiag and calitrs hon
al tha waber lavel. Tha LMI5's low outpul Imsedence, . .eer
output, and pecles inherent callbmallon meks Infedacing to
rendoul of comrl circuitry especially esey, i can be Hed
wilh aingls power s aplles, o with pus and ininae s, ies:
As & draws only B0 A from B supply, A has v low
sef-Fealing, leas than 0.1°C in st &ir. Tha LM35 & rated io
operale ovar 8 557 i +150°C temperatirs rangae, whie the
LM25C |s reted fr & =407 i3 #110°C range (=10" wahk hn-
prowed moaurmcy}, The LM seres v avallabls packaged in

hermatic T0-46 trensksior peokeges, whils the LM3SC,
LM3SCA, and LMASD are a50 avaiabla in 1he paslic TO-97
tronslster packege. The LM350 i elac avellabls in an B-lead
turface mourt small oulling pactege and 8 paetie TO-EX0
pachage.

reatures

® Calbrated dirocily n * Colsius {Carfigrads)
B Limear + 1000 My acels fachs

B 0.5'C mocuracy guamaniceaths (at +28'C)

8 Rabed for full =56° 1o +150°C rangs

& Sullahis for remoie applicatiors

B Low cosl due 1o owale-eved inmming

| Operdhes fom 4 fo 30 wolls

# Less than 80 A cumenl dram

8 Low salf-haaling. 0.08°C in atill alr

® Nonknearty only 237G typlal

® Low impadance sulpul, 0.1 13 far * ma laad

Typical Applications
+h
[ T MY
T
ELCER T L T

o2 2

FISURE 1, Banlc Cerligrads Temperature Semsor
[+2°C to +150°C)

TRSTATE® b 0 reghiered Podesian of Moo Senicondunns Copomsion
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| Typical Performanca Characteristics
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Typical Parformance Characteristics (contrusd)
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Applications

The LM3& can te applied aslly In the same wey . 5 ofher
Inteqrated -alreult lumperatune sansors. L can be glued o ce-
meved o & swrfecs and ks tamperatune will te within abou
0.01'C al tha suriacs lerpemiun,

This presumes (hal he an blent & lemperaiurs |8 aimost tha
saT 8 B8 he surfece tempemaiume; Hihe air lempetaluns wers
much highar or lower than ths surfscs lemparature, 1ha -
vl temparature of the LM35 dle wouid be at en infenmediate
‘mparafure betwesn the »fece temparatura and 1he alr
werrperatura, This ke expeclely 1rue for the TO.G2 plaste
packaos, whene (he copoe leads e the principal Jhenmal
path to camy heat Info ke device, so Bs lemparsture might
ba cloaar to the e temperatune than & ke srfses lempara.
lure,

To minimizs (ks probhem, Be sisa Ihat the wirlng to the
LM3S, 2% 1 leavas the dawica, is held &l the same mpars-
fura a8 tha Burface of Inlaresl. The easiasl way 1o do this [
1o eover up [hees wies with a baad of apoxy which will in-
pure [hak v Waicks ard wines are all &t ihe sama temperature
28 ihe surfeca, and thet [he LM25 die's temparatun wil nol
be affecied by e alr bermparalur.
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Tho TCR48 malal packisge can ako be soldened 1o a8 melal
surfeca or plps without demege. OF coursa, |0 thal casa tha
- larminal of the cireult will ba grouncaed o lhat mata’. AMar-
natheety, iha LMIS can be mounted inskle a ssabsc-and
rretel fube, and can then be dipped itto & ballr of sorewsd
Into & threadad hote In @ lark, A with ary |G, tha LM3E and
Ao paEmying witng and circulis mue: be kepl insuleled and
dry, 1o ewvold leakege and cofroalan, TS |5 aspacialy i 1
tha ciroull may operaa o okl lamperalunes Whore condon.
safllon can oceLr. Privfed-cireult coatings and vamishas such
g8 Hirmiasal and apomdy palnds of dips afe oflan used 1o In-
mira (hal makd o canmal comnde (ha LM3S or ts connec-
liors,

Thass dovices ams  somalimes  saldarad te B amad
lighi-welgh! neat fn, to decresss the thermal time constan
and apead Up e responsa i slowkemoving air, On the
other hand, @ amal tharmal rmags may ba added 1o 1ha 2an-
aar, to ghva the steadies! reading despie small deviations in
iha air 18 mpermben.
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Typieal Applications

-] ) LBA WL TS,

!

TR

FIGURE 3, LMIB wih Decoupling fron Capscitive Losd

S

o 1835

FIIURE 4. LMY whth R-C Dampsr

CAFACTTIVE LOADS

L'k3 mosl microoower creude, the L3S has o Tmiled abilty
to drive haavy capedite Kads, The LM3S by Bsell s able to
drive 50 of witheut special precauticrm. If haavier oads an
antkclpated. B ls asay 1o [sokate or decoupls 1he losd #ith 8
resistor; 566 JSigure 3, O you can improve Be tlerence of
capechanos Wit & saras R-C demper from outpud to
ground; e Figure 4,

Whan tha LM25 la apolied wih 8 2000 bad reslsios a3
shown In Fligurs 5, Figue Bor Flgune B it s relalhvedy Immisns
o wring capachance becausa the cepwcilance oma & by-
pasa from grouno fo inpul, ret on Jme cutpul. However, &s
whh any linasr cirowl connacied b wi-as A & hoalls anvimn-
manl, 18 partomance can be wecied edversaly by Intense
wheairamagnatic souces auch a8 redays, o Transmiftens,
moflom with ardirg Brushes, SCR fraralamnte, aie_as fts witeg
ran a8 recelving antena and Bs intemal punctions can
acl am reclivars. For bast resuits in such casss, & bypass ca-
pasliar fram V,, 1o gmund and & serks B.C aamper such 8
7502 In marias with 0.2 re 1 PF from o to greund e often
usahyl, Thase ere shown i Apuwe 13, Fgume 74, and
Eigerng 16,

FIGURE B, Two-Wirs Remois Tempe aiuvmn Sensor
{Groundsd Saneor)
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Typical Applicztions (carinued)
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| Typical Applicationg iantined)
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Bloek Diagram
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Physical Dimensions inches (milimeters) uniess ciherwiss noted
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Notes

LIFE SUPPORT POLICY

syslema which, () afe intendad for surgical mplent
frie the body, or {b) suppord of sustain e, and
whosa fallure to peform when propedy wsed in
ascordance with imstructions for use providad in e
iabaling, can ba mesanably axpactad fa maull in a
significant injury 1o the wsar.

NATICNAL'S PRODUGCTS ARE NOT AUTHOREED FOR USE AS CRITICAL COMPONENTS [N LIFE SUPPORT
DEVICES 01 SYSTEMS WITHOUT THE EXFRESS WRITTEN APPRCVAL OF THE PRESIDENT AND GEMERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPOAATION. As usad herain:

1. Life support devices or systems am devices or -

A crifical comporant kB oany componel of & (fa
support device or syslem whose fure 1o perforn
cen ba reasonably expacted o cause the fallure of
the Me suppod devics or system, of to affect fs
safety o efleclivaness.

|

slosuag ainjesadwa) apeiBnuag uoisioald SSWT

douliorml Demkanduoter Finfromnl Bamicamiih i

Corpoestinn [T ]
Amerines Far wi (0) 1 B0-530 B W
Tel 10021200 Engl TUOpT REREIITAG (0m
Far 1-800-T3T 7018 I THT A0 0p 1 BOGEDM) B B
Sl B MM oon. Ergman  Ta: i 00 | B2 T 3T
Frangus Tel. +48 {0 1 0050 @ 5
WA P D ST Wby el sl D) . BdeA3d TH B

ratiors] B narnhumtoy L B T
Hinln PG Gyt

Tormpoe s Tt BA-3-BA0TH00
Tl 45 Ao Focx, 2SR TEOT
Fax Ao S0

Prihl el Snapor W OO

Vmaenial A= ol s BNy EOONEBOTY 1D ume oF Ty CHESTY MEbTE. % i pebeel Boaman e iapler pn Mellodl s s AT B A I @0 Aok (o ahanpe s irauty and meclclomy




19012, Rav 6, 1001

MAXIMN

Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

General Description

The MAX481, MAK483, MAXLES, MAM4BT-MAX251, and
MAX1487 are |ow-powar transcavers for AS-455 and RS-
422 gommunication. Each part contains ona driver and one
recelver, The MAXAED, MAXABRT, MLXA88, and MAX4ES5
faature raduced slew-rate drivers that minimize EM! and
reducs refeciions caused by imprope-y leminated cables,
thus al'owing emor-free dala transmission up io 250kbps.
The driver slew rates of the MAX481, MAXABS, MAXALD,
MAX4ST, and MAX14B7 are rct limited, allowing them o
transmi up to 25Mbps.

These ranscelvars draw betvieen 120uA and S00uA of
supply currant when unloaded or fully lcaded with disablad
driverz. Addiionally, the MAx431, MAX4B3, and MAX4ET
have & low-current shutdown moda in which thay consume
anly 0. 1ud, All parts aperate from a sirgle SY supply.
Drivers are shon-circuit current Imited and are protected
agains! excessive power dissipation by thermal shutdown
circuitry that places the driver cutputs inta a high-imped-
ance sata. The receiver inpul has a failzafe fealura that
guaranieas a logic-high output if the innut is ooen cireuit.
The MAK4AT and MAX1487 faature quaner-urit-load
raceiver input impedanca, allowing up to 128 MAX487/
MAXT4BT transceivars on the bus. Full-duplex communi-
cations are obtaired using the MAX488 MAX£87, while
the MAX4E1, MAX4BS, MAX485, MAXAEY, and MAL148T
ara designed for half-duplex apphoations,

Applications
Low-Power RS-485 Transceivers

l.ow-Power RE-422 Transcaiers

Level Translators

Transceivers for EMI-Sensitive Aoplicaiions
Industrial-Control Local Area Matworks

Fealures

+ In pMAX Package: Smallest 8-Pin S0

& Slew-Rate Limited for Error-Free Data
Transmission (MAX433/487/486/489)

& 0.1pALow-Current Shutdown Mode
{MAX481/483/487)

# Low Quiezcent Current:

120pA (MAXA83/487/408(450)

220pA (MAX1487)

J00pA (MAXA81/485/490/491)

-7¥ to +12¥ Common-Mode Input Volage Range

Three-State Cutputs

& 30na Propagation Delays, Sng Skew
(MAX481/4556/480/491/1487)

# Full-Duplax and Half-Duplex Vergsions Availabla
# Operare from a Single 5V Supply

¢ Allows up to 128 Transceivers on the Bus
(PAX48TMAX 1457)
¢ Current-Limiting and Thermal Shutdown for

* »

Driver Overload Protection
Ordering Information
PART TEMP. RANGE  PIN-PACKAGE
MAaXAE1CPA 0°C o +70°C 8 Plastic OIP
MAK4ETCSA, PG to +70°C 850
MAK4B1CUA 09°G 1o +70°C 8 pMAK ]
MAax4a1C/D 0°C lo+70°C Dice*

Ordering iformation continued at end of data sheet
* Contact factory for dice specillcations.

Selection Table

PART | HALF/ULL DATARATE |SLEW-RATE | LOW-POWER i QUILBOLNT= | BIMER LT PIN
NUMEER | OUPLEX (Mbps) LIMITED | SHUTDOWN | Crarie s N S EOUNT
MAX A1 Half 25 Ne Yot Yo 300 T A a
MAX483 Half 026 Yos Yer Yos 12 a9 & |
MAX485 Haif 25 Mo Ne Yes ] 2 P
MAX487 Haef 28 Yes Yes Yas 120 128 8
MAX<88 Ful 0.2 Yes No Mo 0 a s |
MAX439 Ful 0.25 Yes Po Yot 1z a2 fa
MAX480 £l 25 No No Mo 300 2 8
MAX491 Full 25 Mo o Yos 300 az o
MAX1487 Hat | 26 Mo o Yo 230 128 B

AALAXAN Maxim Inteqrated Products 1

For pricing, delivery, and ordering information, please contact MaxinyDallas Direct! at
1-886-629-4642, or visit Maxim's website at www.maxim-ic.com.
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

ABSOLUTE MAXIMUM RATINGS

Supply Vollage (Vo) ...

Contrad Input Vollage I.FfE.EE}

Drbvar lnput Volage (O .
Drlver Cutput Vohage (A, B)...
Facaivor Inpul Voliage [A, B). ..

Fecefver Cutpul Voltage (S0)..._.

Continuous Power Dissipation [Ta, = +70°C)

8-Pir Plastic DIF (derats D.09mWSC abave +70°C) . 727mW
14-Fi) Plastic DIF (derate 10.00mWMC sbove + 704G B00mMW

8-Fin 80 {decate 5.88mWC abavae +73°C)

Sirasgas boyond thoms laled trder “Abtalute Aaximum Astngs” may causs permananl darmage in fie dewcs. Thees are siness radngs oniy, and funciond
operalon of the device #t hese or any alher condilians bepend thass ndizated in the opsrational sechions of ihe specdicalions is not impled. Expoewrs fo
absaiite mavmUT rafimg conditions for exlerded Darods may affect device refsbiity

DC ELECTRICAL CHARACTERISTICS
[¥ae = 5% £5%, Ta = TMIN 12 Thiax, uniees othenerise noted, | (Notes 1, 2)

................................ 12v 14-Pin S0 (dorate B.33mW/AC above +T0PC) Lo BETMWY

e eDBY 1o (Voo + 5V) B-in pMAX {derate 4. 1nWPC sbove +T0PC) .., H30mW

. -DEV e (Voo + 0.58V) &-Fir CERDIP {derata B.00mMW™C above +707C) ..., Galmiy

................. -8V 1o +12.5V 14-Fin CEROIP (daraie S{9mWHE above +70°C) ... 727mW
............. =BV to 4 12,5V Operalirg Temperaiure Ranges

om0V 12 (VGG +2.5W) MAXA_ O MANTABTC_ A i, FC ta 4 70°C

MAXA B MAXTASTE. A . i 0PE B +B5TE

MAXA M MAIA8TMIA EEIC I 412500

Storane Temparatura BAma® . 0w SB54C o+ 160°C

................ AW Laad evparalure (soldaring, 10sec) ... 430050

PARAMETER SYMBOL CONDITIONS MIN — TYR MAX | UNITS
Differential Driver Output {ne load) | Voo 5 W
Difterential Crtver Dutput v R = S041 (Fg-422) 2 i
fwith kad) C02 "R= 270 (RS-485), Figure 4 15 5
Changain Magritude of Crivar
Cifferantial Culpat Yoltage for AVon R = 270 or 500, Figute 4 0.2 W
Complamentary Output Stalas
Criwver Commuon-tods Qutput . W
Vaoltage Voo R =270 or 500, Figure 4 2
Change [ Magnibude rf Criver
Comrron-Mode Output Veltage AVpoo | R =270 or 504, Figure 4 0.2 ¥
far Comolementary Cutput States
Input High Yoltage Yir CE. O FE 20 Y
Input Low Yoltage YiL DE, D1, FE 0e Y
Input Current e | GE, DI, RE =2 i

DE = OV, Vipg = 1 9
Vee =0V or 5,25V, e 158 ' "
all dewices except
t k
l!:lliﬂa‘ljﬁurran g MAXABT MAX 1467 Vin = -7V -0 |
MAXABT MAX 1487 Wiry = 12V 0.25 -
DE=0V. Voo = Wor5.258V [y = 7Y Y
Racaivar Differantial Threshokd ; oo ao W
Voltaga WH WeVom= 12V ; ;
Facsalver Input Hystereais AVTH You =0V T iy
Faceivar Output High Voltage Vo oy = -dmA, Vi s 200mY as W
Facaiver Cutput Low Voltage Vol I = dmd, Vi = -200mV 0.4 W
Thrae-State (high mpedance)
Clutput Current at Recenver lozm 0.0vsVosasy = BA
STV = Vom = 12V, all devices axcept 12 kQ
MAX 48T Ak 1487
Recewer Input Resstance Rin
ST e VoM £ 13, MAXART MAX 1487 48 e
2 ALAX LM




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

DC ELECTRICAL CHARACTERISTICS (continued)
(Voo = 5V £5%. Ta = TN to Thax, unlese otherwize noted ) (Notes 1, 2)

PARAMETER SYMBOL CONDITIONS MIN ™ MAX | UNITS
hAX GEEMAX 48T,
0E, 1L FE = OV ar Voo i =
MAKASOMAKAT,
0z, DI, BE = OV or Voo 2l =0
MAX481MAX485. | DE = Voo S0 900
E-Jh?;tlfgjd Supply Gurrant oo BE = OV or Yoo CE = OV aoo 500 A
WAK 1457, DE = Voo aod SE¥)
ME = oV or Ve OF = O 230 400
WAX 483 350 ead
! DE = 5Y
;E""):‘mcf?' WAX 87 250 A0
OE = oY 120 ool
Supply Curren in Shutdown ISHDN | MAXA4E1/433/487, DE = OV, IE = Yoo o1 10 i
Driver Shorl-Circuil Current, losar | -7V Vo =12V (Note ¢) H5 280 md
Moy = High
Eu"rvnr_ Short-Circuit Currant, lnese | -7V < Vo 12V (Note 4) a5 560 mh
Vo = Lo
Faceiver Short. Ciroult Curran lcan | OV sVosVeo T gz, ma

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX490/MAX491, MAX 1487
Voo = 5Y 5%, Ta= TN 10 Thay, unbess othanwise noted ) (Notes 1, 21

PARAMETER I SYMBEOL CONDITIONS TN TYP MAX | UNITS
Crrivar Input to Output ﬁ gﬂ:’:zfztﬂ g}pFEFF b, 113 g x gl
Drivar Ouiput Skew to Output toKEN | Figures 6 and B, Rose = 5402, ClLt = CLz = 1000F 5 0 1 s |
Figures§and 8, | MAXET, WMAXES, MAX1457 3 15 40
Driver Figa or Fall Tme (1= = ACIEF = 54101, MAXA90CE, MAK431C/E H 15 26 s
C1 = Cl2 = 1C0LF MAXA90N, MAXAS 1M 3 15 40
Qriver Enable to Qutput High ZH Figures 7 and 8, G = 1000F, 52 closed 40 ¥a s
Dxiver Enable to Qutput Low L | Figures 7 end ©, g = 100pF, 51 closed 40 70 rs
Driver Digabla Time fram Low T Fiqurea 7 and 9, G = 16pF, 51 closad 40 70 s
Criver Dizabls Time fram High [T Figuraa 7 and 8, Cr = 15pk, 52 closed 40 0 na
Fieures Band 10, | MAXAB1, MAX48S MAX1487| 20 50 200
Recenar Input to Cutput tPLH, PHL | BOFF = 5441, MWRXASOCTE, MAXAIICE 20 a0 150 na
Ot = Oz = 100pF] MAX490M, hAaxag1M 20 20 200
| oLk - teedt | Ditferaritial o | FiGUres 6and 10, ROFF = 5402 1 i
Recahver Skew Cp1 = Clo = 100pF
Recaiver Erable to Dutput Low 7L Figurea & and 11, Crl = 15pF. 51 closed 20 50 n&
| Racaiver Enabla te Output High trH Flgures 5 and 11, CRL = 15pF, 52 closad -l &0 na
_'_Hm-alver Miaable Tir.s from Lew nz Flgures 5 and 11, CRL = 15pF. 51 elosed 20 S0 ne
| Racelvwer Disasls Time from High HZ Figures 5 and 11, CRL = 13pF. 52 clesed 20 S0 ng
Magmum Cata Fate fniax 25 Mbpe
Time o Shutdown IsHDM | MAXEET (MNole B) 50 200 600 ns

AMAXLM 3
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

SWITCHING CHARACTERISTICS—MAX481/MAX485, MAX49G/MAX491, MAX1487 (continued)
(Voo =8V 25%, TA = TMiM to Thaay, unless ctherwiss noted. ) (Males 1, 2)

PARAMETER SYMBOL COMDITIONS MIN TYP MAX | UNITS
Drivar Enable from Shuldewn to
Outpat High (MAX481) fzHvsHoNy | Figures T ar.d 3. G = 100pF, 52 closad £2 190 ne
Driver Emable from Shutdown to =
Outout Low (MAX48 1) tzLsHon) | Figures T and 8, CL = 100pF. &1 closed 40 100 ns
Recaiver Enable from Shutdowm Figures 5 and 11, GL = 15pF, 52 closad, -
o Output High (MAX481) ZHSHON | a”p = 2y w3 e
Recalver Enable from Shutdown Figwras 5 and 11, GL = 15pk, &7 closed,
fo OutpUt Low (MAX481) ZLSHON) | o 2y W e
SWITCHING CHARACTERISTICS—MAX483, MAX487/MAX488/MA X489
{loc =B5Y £5%, Ta = TN to Thaax. unless otherwise ncted.) (Notes 1. 2)
PARAMETER SYMBoL CONDITIONS T WIN TYP MAX | UNITS
; IPiH | Figures 6 and B, Rper = 540 250 AOO 200G
o Outpun : E
AR e D M e, | Cit = Cl2 = 100pF e
: 5 Ft s 6 and B, P 403,
[river Cutput Skew to Output e D?;.-E e nggﬁ ¥ mo BOD e
. , Figuras & and 8, RoFr = 5410,
Drhvar Rize ar Fal Tirma tR. F ClL1=Clo = 100pE 250 2000 s
Driver Enable to Outputl High jraz] Frgues 7 and 8, G = 100pF, 52 closed 250 2000 ris
Drivar Enable to GutpLl Low vl Figures 7 and 9. C|_= 100pF, 51 clogad 250 2000 ra
Driver Dizable Tirme from Low s Figursa T and 8, C|_ = 15pF, $1 cloged 300 20040 ns
Drivar Disable Twne from High S Figas 7 and 8, CL = 15pF, 52 closad 300 3000 ne
. tMH | Figures 6 and 10, ApiFF = 544, 250 2000
Rocalver Inpul to Output ex Gl = Ci2 = 1000F =0 ne
| tpu= - 1pHL | Ditferantial Figures 6 and 10, ApiFr = 544,
Recaiver Skew '$HD | £/1 = CLo = 100pF 100 e
Receivar Enable to Ouput Low i | Figures S and 11, CRL = 15pF, 51 closad 20 S0 -
Recaiver Enable to Owput High | tz4 | Figwes 5 and 11, CAL = 155F, 82 closed 20 50 he
Reralver Disable Time from Low Lz Figuras 5 and 11, CpL = 15pF, S1 closad 20 a0 ]
Facaler Disabke Tine from High - Frgures 5 and 13, GAL = 196F, 52 clonad 20 50 ne
Mawmumn Cata Hate Iviax tPLH. tPL = 50% of data pwriod 250 kbpa
Time 18 Sautdown IsHo | MAXSS3MAX 42T (Mote 5) 50 200 €00 ne
Driver Enable from Shutdown to MAX4E5MAX B7, Figures 7 and 3, o
COutput High IZHHONH| ¢ - 100pF, €12 closed 200 | ns
Driwar Enabla from Shutdewn to MAXAGIMAAN4BT, Figures T and 3,
Outpia Low LESHON) | ¢\ = 100pF, §1 closed ikl I
Recaner Enable fom Shutdosn MEAAZIMAAXAET, Sigures S and 11,
ts Output High 1ZHEHON) | = o 15pF, S2 closed 2500 | 08
Receiar Enable from Shutdown MAX4BMAXAET, Figures 5 and 11. 2
o Outpt Low ZLSHON) | & - 15pF. S1 closed e |
4 ALAXLA




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

NOTES FOR ELECTRICAL/SWITCHING CHARACTERISTICS

Mote 1: Al cumrents into davice ping are positive: all currents out of device pins-are negative, All vollages are ralerenced to device
ground unless otherwize spaciied.

Mote 2: Al typical apacifications are given for Voo = 5V and Ta = +25°C.

MNote 5: Supply curent specilication is valid for loaded transmitters when DE = OV,

Maote 4: Appliss to peaek cument, See Tymical Operating Characterisiice

Note 5; Tho MAX4E1 MAX4BIMAX4E7 are put into shutdown by bringing FE high and DE kow. If the inouts are in this stale for less
than 50ns, the parts are guarantasd nol toe antar shutdown. If the inputs pra in this state for at least 800ne, the oarts are

guarantead to have enterad shuldown. Ses Low-Fowsr Studcown Mods section

Typical Operating Characteristics

Moo =B, Ta = +28°C, unless ctherwiss noted.)

DUTPUT CURRENT ve. OUTPIT CURRENT we.. RECEIVER OUTPUT HIGH VOLTADE ws.
RECEIVER OUTFUT LOW VOLTAGE RECETVER DUTPOT R VOLTAGE TEMPERATURE
45 - o -2 [ 48 | T B
i | i 4B H 48 RRPRA
- 45 J'f E‘ =14 E 44
£ an ../ A E 4.2 H""Lﬁ__
: 7 ~
2 2 i i E a0 _
g 5 . A A g =
g 15 £ E £ \ ] E % ~—
2 N = |
10 7/ 4 N =4
5 A I\ 1z ! =
o ' 8 | 30 |
o 68 10 15 %D 5 15 24 25 30 45 440 45 50 S0 -85 0 5 GBI TR 100 1%5
DUTPUT LOW VOLTAGE V) CUTPUT HIGH WILTASE (V) TEMPERATURE (=)
RECEIVER DUTPUT LOW VOLTAGE va. DANVER OUTPUT CERRENT we. DRIVER DFFSRENTIAL QUTPUT VOLTAGE
TEMFERATURE TNFFEABNTIAL TUTPCT VOLTAGE s, TEMPERATURE
an 0 - . 24 =
11 ™ T 1
DA | — iip = BmA—{1 a0 s Tk ] - 21 ——] Rabar_ |3
= a7 -{ z 7 : =2 e2 ' —]
g 0. g =] _.\ L I ; 2 E—
g s | — = E ] \i__' : E 24 ——— - — | —
£ 14 — 4 - : 2 |9 |
e o ] = = |
= | £ | % L = i el ey
£ 13 = E . ; ERE N ,
2 sz = 4 -1 Tl I . 507 ——
N : '
a1 b - W -t Y = S 18 Y R =
i L l a e L5 ) !
B .38 0 ® B0 T 00 1S 0 05 10 15 20 95 340 16 40 45 S0 225 0 25 K0 TR0 25
TEMPERATURE (=[] DIFFERENTIAL QUTPUT VOL TAGE [V TEMPERATURE 4°6)

:
:
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Typicai Operating Characteristics (continued)

(Wor = 8, Ta=+25°0, unkess otherwise nofed.)

OUTPUT CURRENT w. CUTPUT CURFENT wa. LCAET A A0S M o XS BOVMA L4
ORIVER ONTPUT LOW VOLTAGE DRIVER OUTPUT HIGH VOLTAGE SUPPLY CURRENT we. TEMPERATURE
143 " -1 T 00 T T T T T r
| i | i i OB 1~ Vo j
120 = —— 07 J e — ! 50 - :
I = | | = |
S mmi iy UINL s [ 1 1]
X = |
R - foe |||
o om DE=0 -
" | =4 © muﬁ':-%‘ﬁ-ox
i E -40 gim WIS MAN T, DE o FE & X
- ." o ! v ) o e S Rl =Tl S
I | I | \ Mrica s, e - b E =i
v I a T ee——e———
1} 2 i ] B 10 12 7854324901 23 45 S0 <% 0 5 B0 75100 13
OUTRUT LOW VOLTAGE (V) OUTPUT HIEH WOLTAGE [V TEMPERATLRE (*C)
MAXASIMAXSET-MAXADS MAX AN}
SUPPI Y CURRENT va. TEMPERATURE SUPPLY CURRENT va, TEMPERATUME
&0 : o i
500 ! 500
3 i 3
5 10 MRS, DF -V B o ¥ g e
| | £ WKKLETT: D u Ve, AE = X
& an — | 330 [P
= ML, - Vo M- N = =] "]
% 200 —mm:-gnz. E = MR DEn OV FEwX
e -
MR DE w0 B i . | |
nm e ey S A0 -4 0 O 0 a0 B0 60 100120 14
TFMPERA TUALE [*T) TEMPERATURE (°C)




Low-Power, Slew-Rate-Limited
RS.485/RS-422 Transceivers

Pin Description

PIN
MAX 81 MAX 482/ =
MAX<BEMAXSST/ m‘:ﬁ ey | NAME FUNCTION
MAXN 1487
DIFS0 | pMAX | DIP/SO | pMAX | DIF/SO
3 4 2 B Racalvar Outpur: T A = B by 200mV, A will ba high,
! ? A < B by 200m¥, RO will bs low,
. . 2 " Racsivar Dutput Enzble, A0 1 erablad when HE is low; RO is
- - high impedance when RE i kigh.
Cirpver Output Enable. The driver outputs. Y and 2, ara enablad
by bringing DE high. They are high impadance when DE is low,
5 5 = — 4 DE the driver outpuls are snabled. the parts funation as bhe drivers.
Vihile thay are high impedance, they function as ins recesers |
AE & low,
% & 3 5 £ o Criver Inmut. A low on D lorcas output Y iow and output Z high,
! Similarly, & high on D forees outout Y ighand output 2 low,
5 T i B 67 G- Gircamd
— — g T 3 i Marmwerting Drivar Output
—_ — & B 10 Fd Irvartrg Driver Outpot
& 8 — — — A Monmverting Recenar Input and Monmyverting Driver Cutput
— - E 2 12 L Moninvertng Racenwer Input
7 1 — — B iMvartirg Faceiver Input and Inverting Crrives Output
— —_ 7 1 i1 B Inwarinyg Feceivar Input
B 2 1 3 |4 Voo Pasitive Suoply: 4.75V 2 Voo = 5,28V
— - = — 1.8.13 NC. Catimest—not internally conrestad
TOPVIEW A AAAX AN
0 E.ﬁ]ﬁ‘ 8] v et
'’ 2 e w
o [3] —fed 4 . Maxt4a »
ol [3] 5] an o [1] E[h'f-.x . i—t
i APV 6 60 @5
DiFSQ e E I g L’Wv-;
¢~ R |
8] rascran B! s i
Vic [2]  mavsgr  [7] awo E
o[ e [Elo
ol @% [
WO'E Fil LABELS Y AND 7.0 TIMING, TEST. AND WAVEFORS DUAGRAME REFER T0PRUS A AND B WHEN DE 5 HIGH
PWMAX TYACAL OPERATIG CIRGLITT SHOWN WITH [IPYS0 AACKAGE.

Figure ;. MAX481MAXIEIMAXIBEMAX4BTMAX 1487 Pin Canfiguration and Typlcal Operafing Circuit

M AT LA 7
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers
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Fgure £ MAX4BEMAKS90 Fin Configurafion and Tywical Qperating Clrout

o AL oo T
f14 14X ARG | |
MAXae]
g ¥ ]
w  DLUOC L —
2

12 A
Hi e

it Lt 4 L 0 H—n
[]

T iIEW DE
|«
P
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ao [Z] [13] n.c.
M- 12]
o (4] 11] B
o
GND 6 | o] ¥
aMa 7] E)ne e lhE
3
DiPso JE

|61 e
N A DE

Figura 3. MAX4REMAXYDT Rin Configuration and Tymical Operaling Gireuil

Applications Information

The MAX 4B MMAKABIMAXABS/MAXABT-MAXAGT and
MAKIABT Are low-power transcelvers for R5-485 and RS-
422 pemmunicationg, The MAX481 MAX4BS MAX49D,
MAX A2, and MAX148T can transmit and receive at data
rates up to 2.5Mbos, while the MAX483 MAX4ET,
MAX488, and MAX4SD are specifiec for data rates up to
280kbps, The MAX4B8-MAXAM are tull-cuplex trans-
caivars while the MAXEST, MAX4ES MAX4ES, MAX4AET,
and MAX1487 are half-duplex. In acdtion, Driver Enable
{DE) and Receiver Enable (RE) ping are includad on the
MAaX43d1 MAX483, MAX4AES, MAX487 MAX48S,
MAX4S1, and MART487, When disabled, the drver and
recaiver ouiputs are nigh impedance

MAXFGTMAX1487:
128 Transcelvers on the Bus
The 48k(3 W-unit-lnad recevar input impedance of tha
MAXAAT ang MAX1487 allows up to 128 fransceivers
on a bus, compared 19 the 1-unit load {12k input
impedanca} of standard RS-485 drivers (32 trans-
ceivers maximumyf, Any combination of MAX4B7/
IMAX 1487 and other RS-48E wansoaivers with a tomnl of
a2 unit loads ar less can be out on tha bus. The
MAX A1 MAX483MAKAES and MAXABS-MAX4D1 have
sterdard 12k Receiver Input impadarce.

AMAXLAR




Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

_Test Circuils

i

TECENEH TET- &
QT + 51

1?& T 1
: N

52

Ik
=AM~ Vio

—

Fleure 4, Driver OC Tast Logd

Figura &, Recsiver Timing Tasf Load

Figure & DriverRecetvar Timing Tust Cirout

MAX483/MAX48TMAXABEMANSES:
Reduced EM and Reflections

The MAXAR3 and MAXABT-MAMA8D are slaw-rate limit-
ad, minimizing EMI and reducing reflectiors caused by
improperly tarminated cables, Figure 12 shows the dri-
ver altput waveform and its Fourier analyels of a
150kHz signal transmitted oy 8 MAX481, MAX485,
MAaxaan, MAKX491, or MAX1487. High-freguancy Dar-

e

UNDER TEST s
L

e —

Figure 7. Ditver Timing Tast Load

mornics with farge amplitudes are evidanl. Figure 13
shows the samsa information displayed for a MAX483,
MAXA8T, MAXABE, o MAXABD transmitting under the
same sonditians, Figure 13%s high-frequency harmenics
have rmueh lewsar amplitedes, and the potential for EM|
is significantly reduced.

L8V IEXVIN/L6VXVIN-LEYXVIN/SBYXVIN/ESPXVIN/ LBV XV N
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Low-Pewer, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Switching Waveforns

¥
R L

it T O “"?"\ 1%
" g — o k—= t—

eppw - | it |

m: sy ' 1.5
i —=| | lapom li—"! -—
Y '\,_\2_3.,.- OLTPAT HORMALLY LOW Vi 05V
i e OUTPUT HORMALLY 10GH
Hp |7 L3 W W0y
—| == s g —= |"'_

Figura 9, Drhear Propagation Oelays

Figurs 2. Oriver Enatia and Disable Timss {except MAX42E and
MAX=DT)

iy
Ab Wit TL&"I' auTEr I.h'r'T
—r - g o -] -

weut L

o
(i3 e S A

(i
—e= |l orw. 17— (=

fpr————
15V QUTPUT NORMALLY LOW |/ Vo< 0S¥

R0 /1[15\'
|]|II —— — 1

—e=| | oy

DUTPUT NORMALL Y HIGH

Vew - 0.5V
by =i [—

Figure 10, Raceiver Propagaion Delays

Table 1. Tranamitting

Fgure 11, Recriver Enabla amd Disatys Times (except MAXIE2
ana MANEEO)

__Function Tables (MAX481/MAX433/MAX485/MAX487/MAX1487)

Table 2. Receiving

= ; :
INPUTS OUTPUTS | INPUTS | outPut
I
FE DE ol z ¥ .| HE |} DE A =la}
P _— —

¥ 1 1 o 1 | o l o =402V 1

] 1 o 1 o | o i o <02y o

o 0 ¥ Hig—2Z High-2 o ' 0 Ireitts epan 1

q a *® Hagh-Z* High-Z* 1 r| i X High-Z~
¥ = Don't care ¥ = Dunt came
High=L = High impedance High-Z = High impadanca
* Shutclown moce o MANAR MRS KAEEMAKLET * Shutclosm mode for MAX4a1 WA 48 3MAN4LET
10 i AAANLAR




Low-Power, Slew-Rate-Limited

RES-485/RS-422 Transceivers

r\mﬂﬂm
INEN i L

1 Gy

O s L e

OBt Mz
S0kHaly

g0 T
{BUAWAS

o WL

DB -

bz MMz
S0fkH:

Figure 12, Oriver Quipul Wavolom and FFT Plot of MAXSE 1/
MAA X405 AR AN NS0T AAX 1 40T Tramemitting a 150kHz
Slanal

Low-Power Shutdown Mode

{MAX481/MAX4B3/MAX48T,
£ low-power shutdown mode is initiated by bringing
beoth high-and DE ow. The davicas will not shut
down unless bath the driver and receiver are disabled,
In shutcown, the devices tymically draw cnly 0.1uA of
supply eurrant,

L and DE may os driven simultansously, the parts are
guararteed not to enter shutdown it RE is high and DE
is low for lass than 5Cns. If the inputs are in this slale
for at least B00ns, the paits are guarﬂntaad o entar
shutdown.

For the MAX4E1, MAX483, and MAX487, the tsy and
tz| enabls times agsume the part was not in the low-
power shutdown siate (the MAX485MAX 488 MAX 431
ard MAX148T can not be shut down). The trHisHON)
ard tZuisHoN) enable imes assume the parts wera shut
dowr (see Elecirical Characiterisifcs).

It takes the drivers and raceivers longer o become
enshblad from the low-power shutdown siate
{IZHrSHON), tZL(sHDM)) than from the aperating mode
{Iz&, tzL). (The paris are In operatng mode if the FE,
DE inputs equal a logical 01 or 1,1 2r 0, 0.}

Figure 13, Dmver Cutput Waveform and FET Plar ef add X483/
MAY4ET MAX4R0 Transmitting a 150kHz Signa)

Driver Output Protection
Excassive guiput currant and power dissipstion caused
by faults o by bus contention are prevantad by two
mechanisms. & foldback currant limit on the cutput
stage provides immediate protection agairst short cir-
cuts over the whale commisn-rode voltage range (see
Tvoical Operating Charactaristics). In addition, a ther-
mal shutdown circuit forees the driver outputs into a
high-impadance stata if the die \emperature nseg
axcesshaly.

Propagation Delay
Many d'gital encoding schemes depend on the differ-
ance between the driver and receiver propagation
delay times, Tyoical propagaton delays ate shown in
Figures 1518 using Figure 14's test cirguit,
The differencs in recelver delay times, | tFLH - tPHL | 18
typically under 13ns for the MARXA4E1, MAX4ES
MAXADD, MAXA491, and MAX148T and ie tvpicaelly lass
than 100ns for the MAX483 and MAXAGT-MAX483,
The driver skhew tmes are typically 5ns (10ns max} far
the MAX481, MAX485, MAXAS0, MAX481, and
MAX 1427, and are typically 100ns (B20ns max} for the
MAKAES and MAXAST-MAK433,

11
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

RECEIVER
our

Hraih

2nsdire

Figura 15, MAXGE 1MAX4E5MAXIS0MAAX4T MAX 487
Aaceivar [BHL

Fiorure 16, MAXEE |/MAXISSMARIDCMAX 4G TSN 1457
Recaiver L4

A0rs/div

Amskdn

Figura 17 MAXAES, MAXSAT-MAXITE Facaiver iPHL
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Figure 18, MAX433, MAXLE7-MAX4ES Racalver IFLH
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

Line Length vs. Data Rale
The RS5-485/A5-422 standard covers line lengths up fo
4000 feat. For line lengths greater than 4000 feet. sea
Figure 23.
Figures 19 and 20 show the system differental voltage
for the parts driving 4000 fest of 26AWG twisted-pair
wire a3 110kHz ints 1200 loads.

Typical Applications
Tha MAX481, MAX483. MAX4E5, MAXART-MAXA431, and
MAX1 487 transcelvers are designed for bidirectional date
sammunicationg on multipoint bus transmission lines.

Figuras 21 and 22 show tyoical network apolications
circuits. These parts can also be used as lina
repeatars, with cable lengths longer than 4000 fee! B3
shown in Figure 23,

To ininimiza reflectiors, he line should be terminated at
both ends in its characteristc impedance, and stub
langtive off the main line should be kept ag sheit £z possi-
bie. The slew-rate-imited MAXAEE and MAXIBT-MAK4ET
are more tolerant of imperfect lermination,

5

1"

Nyl [

-1y

g (S i e o

m

e [ S I e, 0 N a9 By

Zyanfle

Figure 18, MAX4ETMAXSEEMVIANIGOMALIS T MAX T457 Systam
Ciffarential Voktage at 1 10%Hz Driving 40001 of Cable

Figure 20. MAXSE3, MAXAET-MAXLIS Systern Differantial
Vaoitage at 1 10kHz Driving 40001t of Cable

kol o] 1200 "
ol — R _’Wq (}{} , :'JM’—_L 1 [
| -
r .
e & B A %? [ b 1
B — 1] b R — 0
RE FE
AAAXLAA R R
MiXsa1
MAY443 .
MAXGIS 1 L f S
MAx4a7 i DE RO ol O ROFE
MA 1dE7

Figure 2. MAX4E 1MAXIEIAANS A5 MANATTMMAK 1487 Trpical Hall-Duplex RE-485 Metwork

AAXLAA
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Low-Power, Slew-Rate-Limited
RS-485/RS-422 Transceivers

A0 —

m.—_

0 —

=

NOTE: FE AND DE ON MAX430/0A%451 ONLY.

0 b=}
13 )
st

£ e
0 Tuﬂn | t]r} ) [1@_ o
v Ty e S o v [z o8] Ha A
X ! AAAM AN
’ o MAY489
M)
p L A i
] oo FERAD [ T

Figure 22, MAXIIS-MANIDT Full-Duplex BS-L85 Netwark

[E

A

z

AAAX1LAMN
I AXAR-AAATT

’ DATAIN

,.1&3‘ E;I‘ TIATA [T
L i

=

NOTE: FE AN DE ON MAK-A9MAR4T] ONLY,

Figura 3. Line Aepesier for MAX4EE MAX4T T
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Isofated R5-<4185
For izalated HS-4E5 applications, sea the MAN253 and
MAX 1480 data sheets.




__Ordering Information (continued)

Low-Power, Slew-Rate-Limited

RS-485/RS-422 Transceivers

__Ordering Informaition {continued]}

PART TEMP.AANGE  PINPACKAGE PART TCMP. RANGE  PIN-PACKAGE
MAKES ] ERA 40°C 1o +B5°C 8 Plastic DIP MAXA00CPA 0'C to +70°C 8 Flasie DIP
MAK421ESA 40P Io+B5°C A S0 MANAD0CSEA DC s +70°C 850
MAXAE 1 MJA 55°Clo+125°C 8 CERCIP MAXABOCUA GRC to 4 T05C A A
MAXSB830PA O°C b +70°0 & Plastic DiP MAXAD0CD 07C o +70°0 Dica*
MAXARICSA 0°C 1o +70°C 8BS0 MAXAIOERA -40°C to 4 HE"C g Flasks DIP
MAXABICUA OClo+70°C  BuMAX MAX490ESA -4C10+85°C 850
MAXABICD 0°C 1o +70°C E':GIEI' PALAKAG0M.S8 BRAC f +12570 8 CERDF
MAK4ZIERA _-mpc o +BE°C B Plastic DIP MAXASH{CFD 0 fo +70°C 14 Mastic QIP
MANABIESA A0C 1o +B5C | BED MAKA31GS0 O'Clo+70°C 14 30
MANASIMIA E5°C tn+125°C B CERDIP M2X491C/D PCto 4700 Dice’
MAX4B5CPA, O°C to +70°C B Plastic OIF MAX4g1EPD 40°C to +85°C 14 PlasticQIP
MO IBS S A a'C o 4700 B0 MAXAD1ESD -40°C to +85"C 14 50
AT CUR OC o +70C B MAX MAKADTM.IC ESC e 125°C 14 CEADIP
mmcm uuc o LT Dice® MAX148TCFA, ."l“C jia] « TS 8 Plastic DIP
WA 485 EFA 40°Clo+B5°C 8 Flastic DIP MAX 1427C5A PClo+70°C 850
rlmqlaﬁ ESA _muc I +a§nc B0 A 45T CLIA 'Dn[: hia) #TD"C a IJM}!\K
PALXAES MJA 55°C o +125°C 8 CERDIP | MAX1487CT 0°C to +70°C Oice”
MAXSaTCPA, O"Cio+70°C 8 Plaslic DIP MAX 14BTEFA -40°C 1o +£5°C B Flasc DIP
MAX4BT CEA oC to +70°C | BE20 MAX1437ESA -40°Cio +85°C 850
I"-"lﬂ«.){-iB?EUA M te 4700 B pMAXY RAK 1467 My -85°C o +125°C 8CERDIP

| MAX4ETE/D 0°C to +70°C  Cine" * Cantact faetary for dice specifi zations.
MAN4E7EEA LA0°C to +B5°C B Plastic OIP
MAXAETESA APC to +BS"C RS0
MK AT MJA EEC 10 +125°C 8 CEFDIP
MAXABBCFA 0Cio+70°C O Plastic DIP Chip Topographies
MAKIBBCSA 0'Gie+70°C BSO
MIANAREG LIA 0°C 1o +70°C B LMAX MAL331MAX483/MAX 485MAX A8TMAX 1487
MAKSERG D D'Clo+70°C  Dhce*
MAXABBEFA 40°C 10 +05°C B Plastic DIP
RAAYSBBESA A0'C to +85°C  BS0 NG
MAXASEMIA EE'C to +125°C B CEFQIP
MAX4GOCFD 0°C to +70°C 14 Plastic DIF NE. e
MAXABRCSD 09 1o 470°C 14 80 0 J.s72mm)
MANARGE/D 0°Cio +70°FC  Dice”
MAX&3BERD A0PG to +85°C 14 Plastic DIP A
MAXABSESD 40P to +B5°C 1450
MAXABSNAID 55°C to +125°C 14 CERDP
0.088" ’l
{2.032mm)
AAALAA 2 15
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Low-Power, Siew-Rate-Limited
RS-485/RS-422 Transceivers

Chip Topographies (continued}

MAX4BE/MAX 490 MAX485MAKEST
RO PEIY ] T
_ Lt%_": B
RE IE--- 7 a.054"

{1.372mm)

i — -

L 0, oan” J U, nag=
| {2.8%2mm}) {2.032mm}
TRAMSISTOR COUNT; 248
SUBSTRATE CONNECTED TO GHD

Package Information

Bk INCHLS _MILUMETERS
MIN | max | MiIN | mMAX
* - x A |oosa | ooss | 138 175
3! Al [oon [aei0 [a0 | 025
'_*_A b iat] ] B |ootd | 0o1e | oas | o4s
Eﬁ%ﬂﬁ + C looor | o010 | nas | 028
N ‘ L ‘ 0 |0t [0197 | 480 | Eoo |
L __[ - E |oi50 | 0157 | 3mn | 400 |
= B Al o .06 RSC 127 B5C |
H oz | o244 | 580 | 820 |
b | 0.0 | 0020 | 02 | 050
ﬁ H H ﬁ L | oo | o050 | o040 127
o] o -8 a -}
H-A2Eh

H 8-PIN pMAX
MICROMAX SMALL-OUTLINE
PACKAGE

=3

JEEHE

e [} ——

PRI

Maxim cana assurne respansthifiy for uge of any cireutty athar fan ooy animaly armbadied n 6 Mawm produst. Mo oirco galenl foovmins dre
amaled Maxim masorves e right to change the cirouiry and speeficalons without notica al ooy frme

16 Maxim lnfegrated Products, 120 San Gabrdel Drive, Sunnyvale, CA S4088 408-737-TE00
£ 2000 Maesim Imlegrated Products Frinted LISA ALDAA iz 3 regiztered tademark of Maxm Integrated Praducts




&Nntinna! Semiconductor

ADC0808/ADC0809

B-Bit yP Compatible A/D Converters with 8-Channel

Multiplexer

General Description

Tha ADCOEME, ADCOAND date moqulslian componart s A
monciihic CMOS devica with an &bt analog-io-digilal con-
varter, B-channel mufliplexar and micrcpocessd compatiia

Dihebear 559

Features

8 Easy nlariacs o all MGroprocessos

8 Oporalzs rellormsirically or with B Voo oF analog span
gy siad yollage fafarence

sontrel 1ogsa. The B-bh A crvartar Lsda BuCCEEEvVE BD B hn mave on lk-scele ediusl requined
1;;ww:In'mlr-:}rl an lhe mrvmlnh!ﬂhl::qlm. T comverter 8- @ B-ciannel mulipiexer wh aadross logc
ured a4 high Impedenze choopar slalllized comyarsion 8 o Y
SRR s HhCor i APETO0 MG e AR RO e IO SO Y Dwer et
ihva epproximation register. Tna E.chaieel muliigheicor, can 5 Oufpuls mest TTL vollage bl specifcations
direclly sccass any of8 nded anaing signals. » Slanoard hermatlc er moded 26-pin DIF pechage
The device eMmingtes the need for extomal zem and i;'”" wrppphipeliotor iy
Iuil-scale adiustmaens, Easy marfackng lo microprocessnes . COBCE Baubealent (2 M ? g i
s proviced by the la'shed and decnded mulipieier sodr s u ADCONG aqubmelen bo Sk 400401
inpads and lstches TTL TRIGTATE® culpula. )
Tha design of the ADCOR0S, ADCOA0A has bean optimizad Key Specifications
by Inco soratineg the most deairable sspacts of saversl AT 8 Realition B Bils
conveakan beshnigues, The ADCCOS08, ADCHRIE offers Kth » Toie Unedusled Emor 4 L8B and 41 L3B
ipoed, Figh Becurecy, minimal iemperatura dapandence, Bk-  n Singhs Supphy 6 Vo
cellerd long-term acciirecy and repeatablity, and cooiumes o | o powar 15 AW
minimal power, Thess deatures make this device Manly o~ o0 Tine 100 s
pufted 1o applicatiors from process and meching control 1w : .
penavmer and autsmolive applications. For 18-channal mul
wih commeon oulpol (semplehold pat) ses
AOCO816 dute sheel. (Sea AN-247 for momn) nfermston
Block Diagram
[T nEs
i el e i
LUl

bt

F—-=r

|

e

-

e

(R e

TA-HTATE® & @ rage R

© 1000 Madiohal Semisaduciar Capantnn  CSOMSATZ

W Rl rl o

Jexadning [PuueYD-8 Yim ssaueauo) qry algnedwo) 4 319-8 608300V/808000Y




ADCOUADCOB0Y

Connection Diagrams

Malded Chip Carrlar Peckage
Munal-in-Lins Package
ma=i o] o]
e B =Ml L]
ME=ii M p=pa L]
ME=={4 fo] R L
Tl Hp=Am W L
T =8 ot & ki
=7 B p=ilE L]
ri=ds R e
OUTMIT AR —R =12
AL =i 1] =] e Y
Yoo | = E E‘L i g =
Vogr (4} LT E
Lo Vaer )
rr Lol = TR

Order Humber ADCORIBCCY or ADCOS0SCCY

b Sou NS Pachage VZEA

Crder Number ADCIS0SCCH or ADCOSIRCCH
Sea NS Packape JALA or NZBA

Orderirg Information
TEMPERATURE RANGE =40°C to HI5'C =55'C to +128°C
Ermor | &% LS8 Unadjusiesd | ADCOBIBCTN ADCOBJBC OV ADCOBOACE) ADCOADAZ
+1 LS8 Unadjusied | ADCOBCOCCHN ADCOBIRCCY
Packaga Oulling MIBA Mokded DIF | % 28A Molded Chip Carmef J28A Ceramic DIP | J28A Caramia DI

Wi NAMuIRL com




Absolute Maximum Ratings moes 2. 1) Dual-In-Lina Packaga (caramic) W
¥ MiltsryiAsrospace tpecifisd devices r-a reguired. “Aolded Chip Camtar Packags
plasse contact the Hetio.al Semiaenductor Sales Offical Vapor Phass (B secends] HE'C
Distributors for avallabiity and specifications. nfrared |15 pecords) G
Supply Voliage (Vac) (Nate 3) gov  ESOD Suscepliilty Nots B} b
Yaltags at Amy Pln =0.3v 15 (Vo= 23] a :
Escait Comrol:Mpute Operating Conditions moie 1. 2,
Welage al Sortrol Inpubs -0 1o + 18V Temperaiure Ranges (Nole 1) TS Ta5T van
[STAAT, OF, CLOCK, ALE, ADD A, ADID B, ADD ©) ANCIENECEN ADS0809CCN —40CST,=+85'C

arege Temperature Ranue ~F5'C o +180'C ACCORDACCY, ADCIBICCY -0 8 T, £ +65°C
Packaga Dissipetion af T.=25°C ATS mW Raga of Vo (Mota 1) 48 Vo 10 BD Ve
Lead Ta.np, (Soddering, 10 seconds)

Dual-In-Lina Packaps [pasic) 2T

Electrical Characteristics
Commarier Specllemions V™8 Voo™ Vagr.. "r'EF‘L‘— ZEMND, TS T oS T 8nd {640 kHz unises otharwise slated

Symbol Paramolesr Conditlons Min Typ Mt Linfks
ADG0E0E
Total Unidusted Erse I 16 L83
{Note & Tuare 10 Tuaas ¥ L8A
ADGHE0 |
~otal Lnadjusisd Ermor 0e to TG £1 158
(Nete &) Toun 19 Tanie | +1% L38
Input Reamstenas From Sef*) t2 Refl-) 1.0 ) kil
Aralog lrput Wollage Range | (Nole 4) Vi) or Vi-} GHD-010 Vo #0100 | Vi
Yrerisg Vanage, Top ol Ladde, haesurnd Al Paf+) Ve Wi *1 ')
VR e+ Vgry ) | VR0 Goter of Ladder Veeretd | Voo | Woo2Hod | W
F
Vreri| Voltage, Baftom of Ledser Messured &1 Ref-} —0.1 [ W
it Comparaior Input Surrent f =540 kHE, (Nola &) 3 +0.6 2 pA

Electrical Characteristics
DigHal Lavels wnd DG Specflestions: ADCOROECCN, ADCIBOACEY . ADCOBODCCN and ADCOADROCV, & TR of 28,
--d%‘ﬂﬂnyaﬁ‘c uness olharwise nofed

Symbal | Faramatsr I Canditionn [ win | Tyo | wax | Uns
ANALOG MULTIPLEXER e ——
Laer OFF Charned Leakage Curmant Voo™ 5V, Vin=5Y,
T 2250 10 200 A
_ Toaine 00 Thaae 1.0 KA
} ICH"F(-] CFF Ghanmed Loakags Currenl ur-._:'w| Vin™0,
T, 5350 -0 -0 il
! Tharna 10 Tipae =1.0 WA
CONTROL INFUTS
Vi) Logiesl 1" input Voltags Yoc-1B i v
Virity Logical 0" Inpot Voltags 1.5 v
ikt Logical *17 inpul Gurrani W= 1EW o 1A
(T Conlrol Ppuls) R
[, Legieal "0 npul Curman V=0 -10 i
{The Candrol InpLis)
(- Supply Cument Touw =640 KHL na 3.0 Ty

3 i R | S

GA8020V/08000Y




ADCOBIRIADCOEDD

Elactrical Characteristices (conmuen
B%Ill Lwwahs snd OC Specifcations: ADCOAMCCN ANCIBNECCY, ADCIE0ECTN and ADCCADICTY, 4.7 8 puk 20V,
: ctharsisa noled

~40'CET 45+B86 "0 unhasa
symbol | Faramatar | Conditiens [ mMn | Typ [ mMax [ Units
DATA OUTPUTS AND ECC {INTERRUFT)
Vi Loglzal 17 Cuipld Valage Woe = d THEY
gy = —3600A 24 Wil
leaar ® "'1':'|u'“-_ 4.5 Wirmini
Ve Logiesl '0° Ouipi Vollage = 1.6 mA T v
I_"r."-i':-"EJE-" | ngloel 0" Crepid Vallage EOC ln=1.2 m& D4R W
[T TRI-STATE Duteul Curmam VamE 3 ok
¥l | - s

Elactrical Characteristics

Tirming Specmcations U:.:“'HFEFH'IN. UR.EFL—_!= GMo, 1.'=|‘.1F'20 nd g T"' #5'C urass olharsise noted,

symbal Pararmater Conditlons Min Typ M= Linita
fws Minimum Sterl Pules Width {Flgura & 100 0 ra
lyvar g Minlmum ALE Pulsa Width {Flgurs 5) 104 0 rs
1 Minimum Address Sef-Up Time | [Figue 5 25 50 rs
Tu Minlmum Address Hold Time 1 Fighee &) 25 &0 rs
1n Analog MUX Dalay Time Fe=00 [Flgure 5 1 T8 £ ]
From ALE
LTI OE GContra! o @ Logic Stale Gy =50 pF, By =10k (Fiqure &) 125 250 re
Torn b 0OF Contred 0 HI-Z Cy =10 pF, R = 108 (Figune 5, 128 253 rs
| Canspmlon Tima 12640 kH~, {Figus 5] [(Nole 7] a0 100 118 11
Ia Clock Frequancy 10 B0 1200 kHz
e B Dby T \Fligua. 5 o B2 ps ek
Frawiods
G Inp.t Capachanca Al Congrol Inpuss i 15 n
Capr TR-STATE 2utpul A TRI-GTATE Trodpuls n t5 oF
Capaciance

Meda 1 Abostuls WMdrurn Falngs indosin L bayore whith dermge o $a el may ftad . 00 S0 A0 Slec™o apdafiar va do nal ioph whan ooarsing
the devios beyomd s epacified opwalicg condliiors,

Mete T &1 voimges ore meosued wih respec] 1o G, urisss oF Wi ipiciied

Mekh 3 A marar dods avien, riemaly, om Ve i GND and has o ploel rashdown el of T Voo,

Mote & Teve on-chip choacees e S bo gty snal g Ingast wich wit forwerd crnduct for sreiog ryit v olages ona diods drop belew proune of ehe Sads drop e dkir
han T ¥pon supply. Tre specafoms 100 ! forweed bam of sifer dode’ This ieies. Bl @ ng @ B anaslog iy doa nof scoesd the supply volings by rove
B 100 Y, e oukr oo Wil S Gorred T atieve N abesluie P e 0 Siine InpLt vitege: mnge well thaneory redguine @ T mapety odegm of &30 Wing
i RN YATons IFN ieance and loacing.

Mobe B Toinl unsdfumted amvr il vlas affesd Al-sesls Braartly, snd mulipiane srors. See Fipure 1. Blors of -Saee AJ/De requings & Te of -t e Haow -
wrowr, i wny ol ern cescli | delred Ber 8 analag Inpul ol than 30V, o T ¢ reeree Sibacale spie s Tod acampds 080 k4 35 LiL il B ralarsces williga s
a0 ba acunbed bn schiove this, Ses Fgur 18

Mobe B; Compamion inpul ourment B @ bl e e of ol of T chdpesl stabikped eamparalor The Tias cument wiarde dnecly »ih dook fegueray ond bos s
Irperaiure depander e [Fipore B Ses paraghas 2.0

Hobe P- The ouipuls = By deis Feghsier are e oo clock orls baks T fang sdgs of OO

Mte B; Fuman body modal, 09 pf decherped Froogh 8 1. R0 st

wari o naLesm Ll




Funetional Daseription

Mubiiplaxer, The davica contana an B-channal engle-sndea
anakeg sigaal mutlplexer, A partioular inpul o' 5 se-
|eched by using te address decoder Tabée Tshows the input
atales - the addmes lines ko sakoel any chanral. The ai-
dress » |Eched nio the decrdar on e fow 10-high transition
o tha addrage let=h enabla signal.

TABLE 4.

SELECTED ADDRESS LINE
AMAL O [ B A
CHANMNEL

NG L
1M1
INZ
IH3
IH&
IS
INE
MY

S

T E T

I "X X Ir
=t atee ol el gl il SO0 oo

CONYERTER CHARACTERISTICS

The Comverlar

Tha haad ol thls sng'e chlp dale acqulaltion sysiam s Hs
B-b#l mnalog-to-dighal converiar. Tha comvedter la designed ko
gte fasl, Bccurate, Bnd repeatabie monverslons over i wick
ranga of famparatures, The comedar v parftionsd nto 3
major sestons the 256R ladder network, he successhm an-
prozimation register, and Shis comgamtor The convarsrs
dightal cuipuls are posthe trie.

Ths 256R leddar neltwork approach [Figure T, was chosen
awar th corvaniional RIZR edder beoausa of s nharem
montlonioly. whish guaranieea no misslng dighal oocas.
Monolonicity ts particularty mportand in closed lbop feedback
contmol eyetene. A nonamonolonic retationship can case o8-
cillations thad will b catagiraphic bor sha eyatem. Addfianslly,
thit 258F retwork does not causs load veriations on the. ne-
arance vohape,

Tha boftom resislor @nd the op resstor of ke laddar nal-
wark In Figure 1 are nal the same vaiue as the remaindar of
{ma networs. The &ference in these reskslors cavses 1he
cutpul charsclorslic 1o ba symmeincal with the zero end
Mul'-scala poira of tho transfer curve. The frsl outpud Eranal-
lion occurs when the eralog sgnal hes reached +3: LSB
and suscseding oulput fransons aoowr every 1 LSE Mar up
1o full-scals,

The suctessve apprmximation register (SAR) performs & &
arations to appreimuls the Inpul vollage For any SAR type
corvarer, ndterations are required for an n-bit mnverer
Ekmrm 2 shivws. 8 fypacal example of a 3-bit converer Inthe
ACCOEDE, ADCOBDE, tha appreximation lechnlgue la ax
terdad by 8 bits uaing 1ma 256R network.

Tha AD converers succosshe approximation regiater
{SAR) = reset on the pesithve edge of e slat onvesion
{512} puma. The cormerson ia begm an the BWng edge of
bt slar conidedElon puite. & SOMvarEian I prooess Wl Ba in.
terupton by recalpl of & rew slad comverslon pulss. Sone
tamous corwersion may be sccomplished By Iying 1he
and-ol.cosvansion (EDC) autput 10 tha SC Inpat |' used in
lhis mode, an extemal star! comversion pulsa should be ap-
plied a¥ar powaf uo. End-al-corvarsion will go low balwasn
0 and B dock pulsos afer tha reng edge of slad convarsion.
Tha most mmperent section of the AID converlsr s the com-
paradar | this gaction which e res pemaite fse tha ullimata
metuacy af the antira converler i & ateo the comparaior
orifl which hes ihe greates! mfuance on tha mpaalabilily of
ihe dewdea. A shapparslanized comparalor prowldes 1he
moat afectiva methed of selisfylrg all the convelar reguire-
manis.

The shopparalasillzed comparaler comets the OO Input
signal Ime an AC signal. This signal I8 then Ted through a
migh galn AC amgtfer and hes the OC loval segiored. This
tachnigus lImits the <40 componenl of tha ampifier slnca 1he
drift Is 8 DS eomponent which Is nol passed by the AG am-
pliigr, This makes 1hie arcire AT comvarlar extremaly insen
gflve to tomperalurs. long term drifl and Inpid ofisel armors

Figurs  shows 8 ypleal srmor curye o the ADGIECA as
mastund uking [he procediies cutllmed 7 AN-1TI.

www. natione .com
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ADCORD/ADCOE0D

Functional Description continued)
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ADCOS0WADCOB09

Typical Performance Characteristics
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Applications Information

CPERATION

1.0 RATIOMET RIC CONVERZION

The ADCOB08, ADDOACE ks cesigred 38 8 cumplele Oala
Acquis®en Sysiem (DAS) for rellomelrls Gonversion SyE-
jems. In raomeire sysiems, the physkcal varsbia balig
meas red B expressed & 8 parcentege of lull-scere which 18
riot mesastarly misted o an absolute slandard, The voiape
inpu b the ADCDBOS s expressed by 1ha sqestlon

Vin ___ Dx
Va—¥r  Dypoa—Drmy o

W@ Inpert vollage into the ADCGAC
“ig=Full-scals willags
Wp=Zam voltega

D,=0eta poinl being measured

Dy “Maximurn data Bmi

D =Minimurn data [iml
A gond example of 4 mtomeitc Treraducer s & patamiam-
oler veed a8 g postand sersor. The pesitlion of tne wiper | di-
raelly proporicnal to the o put volage which bs 2 ralio oftha
full-acate voilage acroes 7. Since 170 Jala & reprecenisd as
8 propoition af Mill-scaks, mfarencs feauiemants o groally
reduced, sliminating & lame soums of emer and cost for
mamy acplications. & majpl acvenage of the ADCDAOS,
OCOA0D f thal tha input woaps renpe 18 equel bo the aup-
ply range 30 the fransducers cen ba cormicled clrectly
acroas the supply &ne Teir cutputs connected directly Inlc
the mudislasar [npots, (P 3
Ratlomelrie franeducars such &% potertiomelss, atan
gauges, tharmiabor br.dtas, prossure [rarsduce’s, sic, as
sUflabhe for meesurng proponional retatlorships, howeern
mary types of measuemans must be efemed (o an @bse
e slandard such es vollapa or cormand. This maans & sys-
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Applications Information (couinued

tam referance must be used which sseates the hul-scale woll-
age s Ihe slandard voll, For axample, ¥ Voo Ve ™ 5170,
than the Full-scale rngs s divided ko 266 sianderd steps.
The smalieal slandard xtap v 1 LSA which s than 20 mYy.,

2.0 RESISTOR LADDER LIMITATIONS

Thae wahages from the restslor laddar éra comyuared bo the
salected o & Umes i 8 oon'aecsion. Thess Yolages &re
couplad b Iha comparaior vie Bn Rnalog swiloh irna which
rafaranced 1o tha supoly The vellages Bl Ik [op, sarter and
bothom of o tadder MUst be controlied 10 menlain proper
fpatation

The fen of the ladder, Refi+), snould nat he more posithe
than the supply, and tha battom of the laddar, Fat=], ehoud
no b more negative than grourd. The camar of {ha laddar
veflegas must 80 ba noer the cenar of e supply becau e
ih: eralog swich trae chanpes from N-chanmsl switshes o
P.crannal swithes, These (Imiations are automatcally sal-
e in ralomalre svetame and can be aasily met In ground
efanancsd syslams.

Fiuva 10 ahc am 8 ground raderenced sysiem with & sepa-
rate mupely and rfarencn. nihls system, The suppl must be
iimmed to maich Tha reference yollaga. For instence, If &
B2 i usadd, the sunoly shoird be adjustes to Ihe sama
veitaga w fhin 8.1%,

‘—l.l.l.llllllf

&k
! o

REFI+

REFI-1
__E: iy

L
TAITAL
oETHIT

lgyipe FADROATIOMAL
0 ARALDE
AT

i '—V; Q= Fin L Vin

vmgr Voo
ATEV sVpe = Vppe 0.8V
# Bl lomrarirle ety
DRI

FISURE 9, Ratiom v.ric Conversion Sysiem

The ADCDECE neads been than & millamp of supsly curran
a0 sevelcong he supply fom ihe referance |8 readily oo
compllshed. In Fiure 71 & ground meferenced syeem n
shown whiih ganstates the supply from e L eenss, Tra
buffer shown can ba an op amp of sufickn 3°ve o supply
1he milllsmp of supply curmnt and 17 deelred s drive, o ¥
& chpactiva bus W drivan by ‘he oulouls @ Ierpa asrachor wil
sappty the fransls, | aupply ourrent 24 seen In Figure 12 The
LA 18 overcormpensatad o Insure slatdly whan loaded
by the 10 uF mdpul capaction

Tha top and batlom wddar volteges sannol excesd Vo and
ground, reapactheely. tul they can be aymmairicaly less ihan
Wi BNd graater than greund Tha canter of the ladder valt-
age shoy b abweys ta nea” the cantar of tha susply, Tha sen-
sty of the aorwaitar can be increased, e, sz of ha
LS50 stapa decragsed) by using a symmeinced relanenen sys-
1am, In Figume 13, 8 2.8Y mefeunce s symmselrcally can-
fared aboud Wool? since (e same curmenl Nows In identical
realsiors, This svetom with & 2.5V saforence allows the | S8
bl bt half the slre of & SY refarance system

s notkanas oo
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Applications Information (cent nusd)
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Applications Information c: tiruec
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ADCOBOB/ALCOB03

Applications Information (contnues If o fiter capaciors afe used i the aralog npuls and the
signal source impadances ane low, the comgaralon irpr e
4.0 ANALOG COMPARKTOR INPUTS rant shauld fal Inmduse coowsrer emors . e 1ha fransian
The dynaria camparaior Inpul crent i caused by e pe- areated by e capectiance discharge wil dis out before the
rxic swithing of erectlp stray capacitances. Thess aw comparaior ool = siobed
connected alammaty to the outpud of the msistor Bddar’ 1 Irpul fiker cecackors ame desied for nolss mdusion ar
swich iree rotwark and lo 1ha eomparsior inpul 28 part of signa rondittoning hey will 1and 10 average oul [he dyremic
{ha nperetion of the chosper slabllzed com parakor. compareler irpld sumarnl. bwill than lake onihe charadsts-
Tha average valus of the comparaior Inpot curraed varles d- {eg of 4 DT tas curmant whede aftecl can be predicled son-
ractly wih clock fequency and with Wy, 38 shown o varilionally,
Figura 8
Typical Application
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ADC0808/ADC0809 8-Bit yP Compatible A/D Converters with 8-Channel Multiplexer

LIFE SUPPORT POLICY

Notes

NATIONAL'S PROCUGCTS ARE NCT AUTHORIZED FOR USE AS CRUTICAL COMPOHENTS M LIFE SUFPOST
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE FRESIDENT AND GENERAL
COUNSEL OF MATIOMAL SEMICONDUCTOR CORPORATEON. As wsad hamain.

1, Lifs supporl devicas or syslems am devices or

gvglama which, (3] ame Imtended for surgical mpfam
It the body, or (b support or sustain e, and
whoze fallure to parfosm when propedy gsed In
socordance with Imsiructiona for use provided in the
Eabaling, can be rassonobly sepactad to rusull noa

significant injury ko the ueer.

2

A critical component s 8y componard of a e
suppor device or Eys'em ‘vhose faliure to parform
can be reasonably expacted to cause the falune of
the i support device or system, of fn aflect iis
salely of effeciivenass.
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1SD1420 Serius

DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The 1501400 serias includes devices cffsred at 6.4
and 8.0 KHz sampling frequencias, allowing the
ussr o choice of speech quality opfions. The
speech samples are stored directly Into on-chip
norvolatile memary without the digitization and
compression assoclated wth other solutions, Di-
ract analog storage provides a very true, naturcl
sounding reproduction of voice, music. fones,
and sound effects not avalable with most solid-
state digital sodutions.

DURATION

To mesat end system raquirerments, the 1501400
seres offers single—chlp salutions at 16 and 20 sec-
onhds,

EEPROM STORAGE

Ona of the benefits of 150's ChipCoidar technology
s tha usa of an-~hip nonvalctile memorny, providing
1e10-powal message storage. The message Is 1e-
tained for up fo 100 yaadrs yoleally winout power,
In addttion, the device can be re-tecorded typi-
cally over 100,000 fimes.

BASIC OPERATION

The 1501400 ChipComder series devices are con-
tolled by a single record signal, REC, and either of
fwo push-button contral playback sigrals. PLATE
(edgs-octivated playtack). and PLATL (level-acti-
vated playback). The 1501400 parts are config-
ured for emplicify of design In a single-messags
application, Using the oddrass lines will ollow mui-
tiple message applicafions, Device operation Is
explained on page 15,

AUTOMATIC POWER-DOWN MODE

At tha end of o nlovbeck o ecod oycle, he
[SDT1400 series devices autarmaticoly retun to a
low-power standby rnods, consuming fypically
0.5 pA, During a playbask cycle, tha device pow-
ers down automatically at the end of tha mas.
sage, During a record cycle, the davice powers
down Immediately afier REC is released HIGH,

ADDRESSING (OPTIONAL)

in oddition to providing smole masscge ploybaek,
the IS0 400 sedes provides a full addssing co-
pability.

The I1SD1400 series storage aray has 160 distinct
addressable segments, providirg the following
reschutions, See Applicatfion Information for 1501400
addness ‘ables.

Table 1: Device Playback/Record
Durations
Minimum Duration
Part Numbar {Seconds)
15D1414 100 ms
IS01420 125 g

IsD




ISD1400 Series

Figure 1: 1SD1400 Series Pinouts

ISD1400
AD i@ 28 [ Yoo
Al 2 27 [ REC
A2 [a 26 (1 XCLK
Al a4 25 [ RECLED
Ad 5 24 [ PLAYE
A5 s 23 [ PLAYL
NG 7 22 [ NC
NC e 21 [ ANA OUT
V. 20 [ ANA N
A7 10 19 [ AGC
NG I 18 1 MIC REF
Ve 12 175 M
Vesa 13 18 3 Veica
5P+ [ 14 15 3 %=
DIP/SOIG
NOTE: NG means must Mot Gannect.
PIN DESCRIPTION

NOTE The REC signol is debourced for 50 ms on

the rsing edge to preven! a fase retiggening
from o push-butfon switch,

VOLTAGE INPUTS [Yeea « Vecp)

Aralog and digiial clrcults infemnal to the 1SD1400
saries Lse separate powet buses to rminimize noise
on the chip. Thesa power buses are brought out to
separate pins on the package and should be tied
together as close to the supply cs possiole. It Is Im-
porant that the power supply be decoupled as
close os possible to the packoge.

GROUND INPUTS Vssa , Vseo)

simiiar to Ve, and Veep: the onaleg and digiic
ehcults Intemal to the 1SD7 400 series use separare
ground buses fo minimize roise. These pins should
be tied together as close as possible to fhe device.

RECORD (REC)

The REC input Is an active-LOW record signal. The
devica records whenever REC is LOW, This signal
must remain LOW for the duration of the record-
irg. KEC ickes precedence over efther playback
(FLAYE ot PLAYL) signal. If REC s pulled LOW duting
a ploybock cycke, the playback immedialely
ceaqses and reconding begins.

A record cycle s completed when REC is pulled
HIGH or the memary space s filed,

An end-of-message market (EOM) is infemdally re-
corded, enabing o subsequent playback cycle
o terminale appropriately. The device cutomat-
cally powers down fo standby mode when REC
goes HIGH,

PLAYSACK, EDGE-ACTIVATED (PLAYE)

When a LOW-going frunsition is detectad on this
input signal, a ployback cyele bagins Plovback
continues until an EOM |s enccunterec or the end
of the memory space is reached, Upon comple-
Yon of the plavback cycle, the device autormati-
caly powers down Into standby mode. Taking
PLAYE HIGH during a playback cycle will not temni-
rate the cument cycle,

PLAYBACK, LEVEL-ACTIVATED (PLAYL)

Whan this Input signal t.ansttions from HIGH 1o
LOW, o playback cycle s inftated, Playoack con-
finues until FLAYL Is pulled HGH, an EOM rmarker is
detected, or the end of the memory soace is
reazhed. The device automatically powers down
lo standby mode upen compietion of the play-
back cycle,

NOTE In playbock, If elther FLAYE or PLAVL is held
LOW during EOM or OVF, the dovico will &l
egnter standby ard the infornal  oscilator
and firming generalor will stop. Howevsf,
‘he: rising exige of FLAYE and FLAYL are not
debounced ond any subsequent faling
edge (paricuiony switch bounce) pressnt
an the nput ping Wit inffiole anolther
plavback,

Volce Solutions in Silicon”




ISD140C Series

RECORD LED OUVPUT (RECLED)

THez output REGLED is LOW during a record cycle.
it =an be used to dive an LED fo piovide feed-
back that arecord cycle s in progress. In oddifion,
RECLED pulses LOW momertarily when an EOM is
encountared in a playback cycle.

MICROPHONE INPUT (MIC)

The miciophone input fransfers fis sgnal to the on-
chip preamplifier, An cn-chip Autornatic Gain
Control [AGC) circult contols the gain of this
preampiifier from =15 to 24 dB, An exlemal mi o
phone shoukd be AC coupted to this pin vic a s&
lles capacitor. The capactcr vaive, together vih
tha internal 10 KQ esstance on this oln. detes-
Imirie *he low-frequency cutoff for the 1501400 se-
fes passband, See Applicaton Infomaion far
additonal nformation on  ow-frequency cutoff
calculations.

MICROPHCNE REFERENCE (MIC REF)

The MIC REF input 15 the inverting input 1o the mi-
crophone preamgplifier. This provides o nolse-can
celing o common-mode refection inout to the
gedee when connecled difemnfialy o o mice-
rone.

AUTOA*ATIC GAIN CONTROL (AGC)

The AGC dynamically adiusts the gain of the
preamplifier to compersate fot the wida range of
miciophone hput levels. The AGC aliows the full
range of sound, from whispers fo loud sounds, to
be racorded with minimal distoriion, The “aftack”
time Is determined by the lims constant of a & K
interal resstance and an extena copacilor [T
on the scherratic in Figure 4) connected fom fhe
AGC pinto Ve, anolog ground. The Mrelease” fime
is determined by the time constant of an extemal
iasistor (R5) and an extemal copacitorn (C6) con-
ne~ted in paraliel between the AGC Pin and Vgga
analeg ground, Nominal vatues of 470 K0 and
4,7 uF give satisfoctony resuls in mos! cosas.

ANALOG OUTPUT (ANA OUT)

This pin provides the preamplifier output 1o the us-
et The voltage gain of the preamplifier s deter-
mired by the vottage level at the AGC pin,

ANALOG INPUT [ANA IN)

Tha ANA [N pin transfiers the: input signal to the chip
for recording. For microphona inputs, ihe ANA o
pin should he cunnacted via an extamal copaci-
tor to the ANA N pin, This capaciter value, togeth-
et with the 3.0 KQ inout mpadance of ANA N, i
selected to give additionol cutett of the low-fre-
quency end of the voice passband, f the desired
input Is derived from @ source oftor than a micro-
phore, the sanal can be fec, capacitiven col
pled, info the ANA IN Sin diectly.

EXTERNAL CLOCK INPUT (KCLK)

e avternol clock input tor the 1501400 devices
has an intfemal pull-down device. Tha 1501400 i
configurad ot the factory with an infemal sam-
pling clock fieguancy that guoiontees fis min-
mum  romingl  recordplaynock time, For
instance, an 1501420 opercling wihin specifico-
fion will be obseved fo always have a minimum
of 20 seconds of recoiding ime, Tha sampling fre-
quency i then maintained to & varnation of +2.25
peicant over the commercial tempsiature ard
operating voltage ranges, while st mantaining
the minimurmn specifed ecording duralion. This
will resutt in some devices having o few percent
more thon nominagl recording fime,

The Intema! clock hos o =5 percent toerance
over the Indushial femperature anc wvoltoge
range. A tegulated powst supply is recommend-
ad for Industrial temparature pars. If greater pre-
clsion s requirad, the davice con be clocked

thiough the XCLK pin as folows:
TFable 2; External Clock Sample Rates
Part Sample Rata Required Cleck
Number
L0416 B.0KHE T024 KHz
=420 &.d KMz B19.2 ¥Hz

IS0




ISD1400 Series

These recommended clock rates shoukd not be
vared because the antidiadng and smoothing fiteis
are fixed, and dliasing problerms can occdr if the
sample rate difers from the one recommended.
The duty cycle on the input clock Is not critical. as
the clock ls Immediately divided by fwe intemally.
if the XCLK Is riot used, this Input should be
connected to ground.

SPEANER OUTPUTS (SP+, SP-)

The 5P+ and SP- pins provice direct diive for ioud-
speakers with impedances as low os 16 £1. A sin-
gle output may be used buf, for diectdive
loudspeakers, the two opporie-polary outputs pro-
vide an improvernent in output power of up to
tour fimes over a single-endad connection. =u-
themnore, when SP+ and SP-are usad, a speckes-
coupling capacttor 1s not required, A sngle-end-
ed connection wil mauire on AC-couping co-
pacitc: between the SP pin and the speaker. The
speaket outputs are In a high-mpedance stale
during o record cycle, and held ol Yssa during pow-
er down.

ADDRESS INPUTS (AO—A7)

The Addrass Inputs have two functions. depending
upon the level of the fwo Most Significant Bits (MSB]
of the oddress.

If elther of the two MSBs Is LOW, the inpu's are all
Irtepreted as address bits and are used os the
start addrass for the cument record of Haybock
cycle. The addrass pins are inputs only and do nc
output infemal address information as the oper-
tion progresses. Address Inputs are katchad by he
falling edge of LAYE. PLATT, or REC.

OPERATIONAL MODES

The 1SD1400 seres s designed with sevaral buitt-in
opetaticnal modes provided fa allow maximum
functionality with a minimum of additional com-
poients, descibed in detoil below. Tre opera-
tional modes use *ha address pins on e 1501400
devices, but are mopped oufside the walid od-
diess range. When the fwo Mast Significant Bits
{M53c) are HIGH (86 and A7), the remalning ad-
dress signals are inferpretea as mode bis and not
as oddess bits. Therefore, operational modes
and direct addressing are not compatible and
cannot be usad smuttaneousty.

Thera are fwo mportant considerations for using
opeiational modes. First, all operatons begin Ink
ficlly ot address 0, which s the beginning cf fhe
15D 400 address space. Later operations can be-
gin at other address locations, depending on the
operational rnode(s) chosen. In addftion, the od-
diess pointes ks 1eset to 0 when the device s
changed from record to playback but not frorm
playback to record when Ad s FIGH in Opercfion-
al Mode,

second, an Opergtional Mode s executed when
ary of the control inputs, FLAYE, PLAYL, or REC, go
LOW and the two M3Bs are HIGH, THs Operational
Vode remains in effect until the next LOW-geing
eontrol insut signal. at which point the cument ac-
dressimode lavels are sampled ond executed,

The fwo MSBs cre on pins ¢ ond 10 for
anch 150400 serles device.

NOTE
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1SD1400 Serles

OPERATIONAL MODES DeSCRIPTION

Thz Cpemtional Modes can be us2d in conjunc:
4on with @ microconteller, of they can be hard-
wiad 1o provide the desired systermn operation.

AD — MESSAGE CUEING

Messoge Cueing aliows the user fo skip thiough
messages, without knowing fthe octual physicol
oddrasses of each message. Each confrel input
LOW pulse couses the infenal oddress painter to
skip to the next message. This mocde should be
usad for playback only, and Is typically used with
the A4 Operational Mode,

A1 — DELETE EOM MARKERS

Tha Al Operctional Mode ailows sequentially re-
corded messages to be combined into a single
message with only one EOM marker sef ot the end
of the final messags. When tis operational mode
is configured, messages recorded sequentiafly
ara played bock as one conlinuous massage.

A3 —- MESSAGE LOOPING

The A3 Cperational Mode allows for the autoral-
e, continucusly repeated playback of the rmes-
sage located at the beginnirg of the address
space.

A message can completely fil the 1501400 de
vice and wil loop fiom beginning o end. Sulsing
FIAVE will start the plavback and pulsing FLATL wil
end the ploytack.

A4 — CONSECUTIVE ADDRESSING

Curing nomnal operations, the addiess pointer .
reset when o messoge s ployed fhrough o an
EOM marker. The A4 Operational Mode inhibits the
address pointerreset, allowing messages fo be re-
corded or played back consecutively, Whan the
device Is In o stafic state; i.e., not recading of
ploving back, momentarily taking this pin LOW wil
reset the address counter to zera.

A5 — UNUSED
AT — UNUSED
Tabla 3: Operational Modes Table

n‘d':mlﬁ"_l'}:m' Functlon Typical Use (:nn_'.lopm‘lr:lam
_AEI-__ Message cusing Fast-fowe d firough messnges Ad

Al Dalete BEOM miorkers Position ECh marker mﬂﬁaer:dﬂfﬂmbsimmge AJ, A4

A2 Urused

&3 Looping Contrisus plavoack from Address 0 Al

Ad Corseculive oddressing | Pecordiploy rmiutiple consacuUinvg Mmessagos | a0, Al

AS Uruged |

1. AdcWionol operafiondal modes can be sed amiitanoousty with tha ghven mogs.

ISCr
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TIMING DIAGRAMS

Figure 2: Record
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Figure 3: Playback
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1. 7T must be HGH for the enfire curation of o ployboct Cyoie.
2. RECIED furctions as on COM dwing olayback
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1D 1400 Series

Table 4: Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)(") (Packaged Parts)
Condition Value Condition Value
Jumetion ternpearatie 180°C Commercial cﬁerm‘ing O'C o +70°C
I
Storoge temparatuns range —£5"Clo +180°C lomperctixa range!
Inciustrol opercl =40°C to +85°C
Voitoge cpplled to any pin Mo = 0.3V) T El;npar-::m.ne“] i - %
Mo +03V) =
[ 1 .f" I F
Vettags opplied fo any pin Vig- 1.0Vt _ephvanoge iee! TADNIRABAN
(ot curent limited o £20 mA) | Ver + 1.0V) Ground votuge [Vl | oV
Leod tempenatune soldedng - 300°C
11 seconck) T. Cose lempesdiue,
Vap— ¥ Cavio+riv | Vo= Vera = Ve
ce— e ' 3 Vig 2= Ve He

7. Strasses aoowve thoss Nxted moy oo penmanent
domage 1o the dovice. Exposura fo the otwolute
masimum ratings may offect device relotiffy,
Funcflonal oparafion 15 not fmphed of fhese

conafions.
Tablz 6: DC Param.etars (Packeged Parts)

Symbol Parameters Min® | Typ " | Max® | Units Conditions
Wi Input Low Yoltage 0.8 )
Wiy IMplt digh Voltaoe 2.4 W
Vo Output Low Viotage 0.4 v sy, = 4.0 mA
Ve Output High VioFoge 24 W lay = =1.6
e Ve Cunent (Oparating) 15 30 mA  [Vee = 5BV, Ry = =
s e Cunent [Stendby) 05 10 pA |
h Inout Leakage Cument =1 L
ity Input Cument HIGH wiPul 130 up | Force Ve

DXowm

Pt Onrtput Load Irmpedance 14 £ Speaker Locd
F e Freamp In Inplr Reslstance 4 ? 17 ¥i2 Fins 17, 18
Rty I AN IN Input Resistance 25 3 g K
K Praamp Gain 1 20 23 2 | B |aGc-o0a1v
Aira | Freamp Gain 2 -45 -15 di | aGC =25y




15D 1400 Serles

Table 6: DC Parameters (Packaged Paits)

Symbol Parameters Min'2 | Typ™ | Max® | Unite Conditions
7 e | [ A T S -4l
Bumn ANA N to SP+/- Gain 20 22 a5 dg
Fuce AGC Cuiput Resishance 2.5 =) 9.9 K
IpREH Praamp Out Source -2 il @Var=10V
IprEL Prearmp in Snk C.5 T @ V=20V

T. Typleo! voles @ T, = 25°C and 50 V.

2. A MisdMor Bmits are guorontoed by 150 v electdzal festing o churgctanzofion, Not off speciiicalions oo
100 parcent fesied.

3. Vepgand Vorp correchad fogealhern,

4. FEC. PLAYL, and PLAYE must be of Viop.

5 XCIK pin,
Table 7; AC Parameters (Packaged Parts)
Symhol Characieristic Min® | Typ (" | Maxt® | Units Conditions
Fs sarmpling Frequency 1501416 a KHz | )
1SD1420 &4 KHz | B
For Filter Pass Band 1501416 3.3 Kz | 3 o8 Roa-Crf Fairg (14
ISD1420 % Kz | 3 oB Rol-Crf Pairt (3115
Thes fecord Curatian [SD1416 15 5e0
1501420 20 560
Teay Plonyback Duration 1501416 14 soc |
1501420 20 sec |
TED RECIED ON Deloy 5 Msec
TiEDe NECTED OFF Doy 1503475 a0 a9 G5 meec
iS0420 40 48 4 110 msec
Tepr Access Setup Time 300 rsec
Teein Bddress Hold Time: a nsec
Tapun Record Power-Up 1831474 26 Mses
Delay 1507420 az misew
Treco Record Power-Down 1BD1474 24 msEc
Delay 1501420 a2 msesc
Tepn Flay Power-Up Delay . 180D1&14 24 e
1501420 3z rsec

Vojce Scfutions in Silicon ™




!SD1400 Series

Table 7: AC Parameters {Packaged Parts)

Symbol Characteristic Minl? | Typ (V) | Max@ | Units Ccnditions

Taenn Preay Powes-Down ST 414 45 mesec

Calay IS0 420 5.1 Mmsas
Teowa ECOM Pulse Width [S01414 12.5 mass

1501420 15.5625 mses

THD Total Homonlc Ciestortion 1 & % @1 KHz
Poun Spacker Output Fower 12.2 MW I Rgr=160
Newr voltoge Across Speaker Pins .28 25 Vpp |Rpg=48000
Vint MIC Input Veitage 20 mv | Pecktc-Peak 1]
Yina ANA IN Input Voltage &0 mv | Peak-fc-Paak

1. Tvpleo! values @ Ty = 25'C and 5.0V,

2, At Mio/Marx bmilfs are
Nof af spocfications ore 1070 paoerd fested.

god by 150 vio electicol festing o charoctanzahion.

1. low-frequency cutafl dopends upon wilse of externdl copoclfons (see Rin Descnoions],
£. WPh 5.1 KO sovios resigor of ANA IN.

5. Lamoling froguency and plioybock dural
Aixd voftage rangss, IF may »ary o much
dovices will mesl the madmum somping

stabilty, an extemdl clock con be ulifzed [sse An Descripdizns),
&, FAiler specificalion apehes to the antialosing fiter and ta fhe smoofting thtar.

ion will vory a8 much os =225 percent owar 1he cormmercial temosaune
o5 +5 percend aver the indusingl lemparature ond vollags ranges. Al
frequaency ond minimum dayback duralion porometars. For greclsr

fe0




1$D1400 Series

TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)
Chart 3:

Chart 1: Record Mode Operating Current
(lez)
g 12 = l—
=5
E oA~ : )
0 &+
2
B T
I
jr.
0 | .
£ o5 70 ag
Temperaiura [T)
m 55%ats  # 4.5Volls
Chart 2: Total Harmonlc Distertion
DIE\
4\
Lo : : .
:
g 0.5+
§ 02—
214
J | —
-40 28 0 85
Tormperaiure (&)

[ 5svors o 45w

¥a.25-

E

0309

Standby Current (isg)

.20 /
g b ———
ECI.] 5F
0.104
: | | |
=40 25 70 B85
Temperature [C)
® 55 UG;B- _‘ 4.5 ";DH‘E
Chart 4: Oscillator Stability

Temperature [C)

= 55Volls & 45Volts |
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Fealures

* Compatible with MCS®51 Products

« BK Bytes of In-Systemy Reprogrammable Downloadabla Flash Memory
- 5P Sarial Interface for Program Downlozding
= Enduranca: 1,000 Writa/Erase Cyclas

2K Bytas EEPAOM
- Endurance: 100,000 Writc/Erase Cycles

4V to 6V Operating Ranga

Fully Static Operation: 0 Hz to 24 MHz

Three-leval Program Memory Lock

256 x 8-blt Internal RAM

32 Programmable VD Linea

Threa 16-bit Timer/Counters

Nine Interrupt Sources

Programmabla UAAT Serdal Channal

5Pl Sertal intarfarca

Low-powar idle and Power-.own Modas

Interrupt Recovery from Power-down

Progmmmable Watchdog Timer

Dusal Data Pointar

Power-cif Flag

# B & & & & & & & m & 5 = =

Description

The ATBESAZEZ |5 a low-power, high-perdformance CMOS B-bit microcontroller with 8K
bytas cf downloadabla Flash pragrammable and erasable read-only memory and 2K
bytes of EEPROM. The device Is manufactured using Atmal's high-density nonvolatile
memory technology ard Is compatible with the incustry-standard BOCS1 instruction
set and plnoul, The on-chip dewnloadable Flash allows the program memory to ba
reprogrammed In-Systani through an 8P| serial interface or by a convantional nonval-
atifa memary programmar. By comkining a varsatile B-bit CRU with downloadable
Flash an a monolithic chip, the Atmal ATE9S8252 |s a powerful microcontroller, which
provides a highly-flexible and cost-sffective solution to many embedded control
epplications.

The ATBSSB252 provides the following standard features; 8K bytes of downloadable
Flash, 2K bytas of EEPROM, 256 bytes of RAM, 32 O lines, programmabie watchdog
timer, two data pointers, three 16-bit timer/countars, a six-vector two-level interrupt
architecture, a full duplex serial pori, on-chip oscillator, and clock circuitry. in addition,
the ATB838252 s designed with static logic for operation dewn to zero frequency and
supports two software selectable power saving madas, The [dle Made stops the CHFU
while allowing the RAM, timerfcountars, serial port, and intarrupt system to continue
functioning. The Power-down moda saves the AAM contents but freezes the osciliator,
disabling all other chip functions until the next external internipt or hardwara resat.
The downloadable Flash can be changed a single byle at a time and is accessible
threugh the SPi sarial interface. Helding RESET aciive forces the SPI bus into a sarial
programming Interfece and allows the program mamory to ba written fo or raad from
uriess lock bits have baan activated.

AIMEL

AIMNE

e s

8-bit
Microcontro!ler
with 8K Bytes
Flash

AT8958252

Not Recommended
for New Designs.
Use ATB9S8253.
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Pin Configurations
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Pin Description
vCC
GND

Port

Fort 1

Supply voltagse,
Ground,

Port 0 is an 8-bit open drain bi-didirectional 7O port. As an output port, each pin can
sink eight TTL inputs. When 1s ara writtan to port 0 pins, tha pins can be usec as high-
impedanca inputs.

Part O can £lso be configured to be the mulliplexed low-order addressidata bus during
sccesses tn exiamal program and data memory. In this mode, P2 has internal pull-ups.

Port O also receives the coda bytes during Flash programming and sutpuls the cude
bytes during program verification, Extarnal pull-ups are required during program
vatiflcation,

Port 1 is an 8-bit bi-directional I/C port with irternal pull-ups. The Port 1 output butiers
can sink/scures four TTL inpuls. When 1s ara written to Part 1 pins, they are pulled high
by tha intes nel pull-upe and can be used as inputs. As inputs, Port 1 pins that are exter-
nally being pulled low will source current (I, ) becausa of the internal pull-ups.

2 ATEOSET5? e e —— R S ey e

(011G CRO-3008




Block Diagram
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Port 2

Port 3

i

m_—_

Some Port 1 pins provide addifional functions. P1.0 and P1.1 can be configured to be
tha timer/countar 2 extarnal count input (P1.0/T2) and the timer/countar 2 trigger input
{P1.1/T2EX)}, respactively.

Furthermore, P1.4, P1.5, P1.6, and P1.7 can ba canflgurad as the SP1 siave port select.
data input/output and snift clock inputfoutput pins as shown In the following table.

Port Pin Alternata Functions ~
P10 T2 (external count inpul to Timer/Gounter 2), clock-oul
P11 | T2EX (rimeriGounter 2 capturaireload tgger and direction cantral)
P14 EE (flave port sslect input)
P15 MOS! (Master data outoul. slave data Input pin for SP1 channel)
P16 “:130 Master dl'l!.ll'lpl.-ll. slave data output pin for 3PI channef)
P17 'CK (Master clock autout. slave elock Input pin for SPI channel) |

Part 1 als= receives the low-arder address bytes during Flash pragramming and
verificatiar..

Port 2 is an 8-bit bi-directional /O port with internal pull-ups. The Port 2 output buffers
ean sinksource four TTL inputs. Whan 15 are written ta Port 2 pins, they ara pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally baing pulled low will sourca currant (1, ) bacause of the intermal pull-ups.

Port 2 emils the high-order address byte during fetches from external program memaory
and during mccesses to external data memory thal usa 18-bit addresses (MOVX @
DPTA). In this upplication, Port 2 uses strang Infernal pull-ups when emitting 1s. During
pccasses to axternal data memary that use A-bit addrasses (MOVX @ RI), Port 2 emits
the contents of the P2 Special Function Registar.

Por 2 also racaives the high-order address bils and some control signals during Flash
programming and verification.

Port 3 is an 8-bit bi-diractional |0 port 'with internal pull-ups. The Port 3 oulpul butfers
can sink/source four TTL Inputs. When 1s are written fo Port 3 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exter-
nally being pulled low will sourca curreni (I, ) becausa of the pull-ups.

Paort 3 recelves some control signals for Flash programming and verificatior:.

Port 3 also sarvas the functions of various special features of the ATBSS8252Z, as shown
in the fallowing table,

ATROSEZE? e rerey: e e S TS N ST PN
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RST

ALE/PROG

PSEN

XTAL1
XTALZ

C01E=MICPD-208

Port Pin Altamate Functions
Fag AXD (sedal input port)
Pag THXD (zerial output port) !
Paz Iﬂﬁ{mmal irtarrupt 0)
P32 INT1 (erternal Intarrupt 1}
Pa4 TO {drmer O axtarmal input)
Pa5 T1 {timer 1 extemal inpat) a
Pa6 WH (extemal data rnemory write strobe)
| Pat AD {ntan-;] data mamory read stimba)

Raset input. A high on this pin for twa machine cycles while the escillater is running
rasats tha device,

Addrass Latch Enable is an output pulss for latching the low tyte of tha address during
accesses to external inemuory, This pin is also the program pulse irput {PRO3) during

Flash orogramming.
In nermal operation, ALE is emittad at a consiant rate of 1/6 the oscillater frequency and

may be used for extarnal timing or clocking pumposss. Ne'e, howaver, that one ALE
pulse is skipped during sach access to sxtarnal riata mamory.

it dasired, ALE operation can be disabled by sefting bit © of SFR location 8EH. With the
bit sa1, ALE is active only during a MOVX or MOVC instruction Otharwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no effect if the microcontraller is in
extarnal axecution mode,

Program Store Enable is the read sirobs to extarnal program memaory.

Whnan the AT8958252 |s executing coda from external program memary, FSEN is achi-
vatad twice each machine cycle, except that two PSEN activations are skipped during
each access to exiernal dats memory.

External Accass Enable. EA must be strapped to GND in order to enable the device to
fatch code from external program memory locafions starting at 0000H up to FFFFH.
Mote, howsvar, thet if lock bit 1 iz programmed, EA will be intarmally latehed on reset.

EA sholld ba strapped to Vg for intarnal program executions. This pin also receives the
12-velt programming enable voltaga (V) during Flash programming when 12-volt pro-
grarmming Is selected.

Irout te the invarting oscillator amplifier and input to the internal clock cperating circult.

Cutput from the inverting escillator amplifier.

ATmEL, 5




Special Function
Registers

AMEL

A map of the on-chip memory area called the Special Function Ragister (SFR) space =
shown in Table 1.

Mate thal not all of the addresses are occupied, and unoccpied addrasses may not be
implemanted on the chip. Read accesses o these addrasses will in general return ran-
dom date, and write accesses will have an indeterminate effect.

User software should not write 1s to these unlisted locations, since they may be used in
future products to invoke new features, In that case, the reset or iactive values of the
new bits will aways b 0

Timer 2 Registers Control and status bits are contalned in registers T2CON (shawn in
Table 2) and T2MOL {shown in Table 9) for Timer 2. The register pair [RCAP2H,
RCAF2L) are the Capture‘Reload registars for Timer 2 in 16-bii captura moda or 16-bit
auto-raload mode.

Table 1. ATB2SB2E52 SFR Map and Aesel Values

&

oFBY

CFoH

CEBH

0E3H

QonH

Q0OH

QCEH

oZoH

EEH

JE0H

{1A3H

QA0H

SaH

wiH

8aH

OFFH
B8
DOOOGD oRIH
OEFH
el |
RO D000 | GEFH
| OOF
| ] H
paw SPCA
POOCa BOAGT XK o07H
20N TeMoD ArAPRL AGAPZH TLE THZ BGF
00000 0000000 0ODAN0OD 0Ra0a000 00000000 H
BOTH
IP i
Jomaont | oy
s |
1111111 ﬂ oeim
IE aPER |
0RO OO GAFH
Pe
1111114 oATH
SCON sour- BFH
20000000 WX,
8 S
P1 WMCON ;
IRERRAARI OO0oOO 10 ®BrH
TCON T™OD e T vHO TH1 -
0000000 0OO00N0D 00000000 o000 2000 OO0 L0000
po ge e D& JH DPIL DetH SPDR PCON i
11111111 20000111 00000000 000000 GO000000 COBODDDY WO0000 O 0 | @
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Table 2. T2CON = TimerCountar 2 Gontrol Hegistar

T2CON Address = 0C8H Aeset Walua = 0000 0000B |
Bit Addressable |

TF2 EXF2 RCLK TCLK EXENz TR2 G2 CPFLZ |
Bit L T 4] L 4 3 2 1 o !
Symbol | Function =
TF2 Timer 2 overflow fRag set by a Timer 2 overflow and must be claared by software, TF2 will nol be sat whan aither

RCLK =1arTCLK=1.

EXFZ2 Timer 2 external fiag set when elther a captura or raload |s caused by a negative anaition on T2EX ang EXENZ =1,
Whan Timer 2 Intermupt s enabled, EXF2 = 1 will causs the CPU to vector to the Tirmer 2 inlamapt mutine, EXF2 mustbe
cleared by softwara, EXF2 does not cause an Interrupt in uprdown counter mode (DCEN =1).

RCLK Racsive clock enable. When set, causes the serlal por to use Timer 2 overflow pulses for I's recelve clock In sarlal porl
Maodes 1 and 3, ACLK = 0 causes Timer 1 cverflows lo be used lor the recelve clock.

TOLK Transmit ¢lack enabla. Whan sel, causes the seral pert 1o uss Timer 2 ovarflow puises for its tranamit clock in 2eral port
Modes 1 and 2. TCLK = 0 causes Timer 1 overflows to ba used for the tran simit clock,

EXENZ Timer 2 external anable. When sat, allows a capture or reload o eccur as a result of a negative transition on T2EX i
Timer 2 Iz not being used 10 clock the serlal port. EXEN2 = 0 causes Timer 2 1o ignore events at TREX.

TR2 StarifStop control for Timer 2. TRZ = 1 starts ihe timaer.

Gz Timer or counter select for Timer 2. GT2 = 0 for timer function, G/T2 = 1 for axternal svent counter (falling sdge
triggarad).

CRATZ | Caphure/Reload select, CP/ALS = 1 causes capiures o ocour on negative trer sitions at T2EX If EXEN2 =1, CPALZ = 0

causes automallc refoads b occur whan Timer 2 everlows or nagative iransitions ocour at TUEX when EXENZ = 1, Whan
sither RCLK or TOLK = 1, fhis bil is ignored and the timer |2 farcad to auto-reload on Timer 2 avarfiow.

01 G=MICAD-208
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Watchdog and Memosy Control Ragister Tha WMCON register containg control bits for the Watchdog Timer (shown in
Tabils 3). Tha EEMEN and EEMVVE bits are used to select the 2K byles on-chip EEPROM, and to enabla byte-write, The

DPS bit selects ore of two DFTA registers available.
Table 5, WMCON—Watchdog and Memory Control Registar

WMCON Addrass = BEH Fieset Value = 0000 00108
P&z P31 Ps0 EEMWE EEMEMN DPs WDTRST WDOTEM

Bit T 8 -] 4 3 2 1 o

Symbol Function

[=f=4] Prescaler Bitg for the Watehdog Timar. Whaen all three bits are sel to 0, tha watchdog timer has & nominal parnod of

P31 16 ms. Whan all thres bita are sat to “17, the nominal period is 2048 ms,

Pso

EEMWE | EEPROM Dsta Memory Writs Enabla Bit. Set this bit to *1" before initiating byte writa to on-chip EEPROM with the
MOWX Instruction. User software should set this bit to "0 after EEPROM write is completed.

EEMEM Internal EEPROM Accesc Enable, Whan EEMEN = 1, the MOVX instruction with DPTH will azcess on-chip EEPROM
instaad of extermal data mernaory. Whan EEMEN = 0, MOVX with DFTH accesses external data memory.

DFS Diata Pointer Register Select. DPS = 0 salects the first bank ol Data Polnter Register, DPG, and DFS = 1 salects the
sacond bank, DF1

WECTRST | Walchdayg Timer Reset and EEPROM Raady/Busy Flag. Each Ilme this bit |z sel to "1” by user software, a pilse s

! ROY/ESY | genersted to resal the weichdog fimer. Tha WDTRST bik Is then automalically resat to *07 in the next insiruction oycls,

The WOTREST bit 15 Write-Only, This bit alse sarves us the RDY/BSY flag in & Read-Only mode during EEPRCM write.
ADY/BEY = 1 maeans that the EEPROM is ready to ba programmed, While programminn oparations are being exscuted,
the ROY/BEY bil equals "0” and i autsmatcally raset to *1” whan programming is compluted,

WLCTEM Walchdog Timar Erable Blt, WDTEN = 1 enables the walchuog Umer and WOTEN = 0 disables the watchdeg imer.

8 ATROSHEZED mrece e ) A —Y
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SPI Registers Contral and status bits for the Serial Peripheral Interface are contalned [n
registars SPCH {shown in Table 4) and SPSR (shown in Table 5). The SPI data bits are
coitained in the SPDH register Writing the SPI data register during serial data transler
gets the Write Collisinn bit, WCOL, in the SP3R ragister. The SPCR is double buffered
for writing and the vilues in SPDR ame not changed by Resat.

Interrupt Reglster: The global interrupt enable bit and the individual inferrupt anabla
bits ara In the |E rejstar. In addition, the individual interrupt enable b for the 27" s in

the SPCR register. Two pricritiss can be set for each of the six interrupt sources in the
IP register

Dual Data Pointer Regiaters To facilitete accassing both internal EEPROM and extar-
nal data memeory, two banks of 16-bit Data Painter Reglsters are provided: DPO at SFR

address locations 82H-83H and DP1 at 84H-85H. Bit DPS = 0 in SFR WMCON salacts
0OF0 and DPS = 1 selects DP1. The ussr should ALWAYS initialize the DPS bit to the

appropriate valus before accessing the respective Data Pointer Register.

Power Of! Flag The Power Off Flag (POF) = located at bit_4 {PCON.4) in the PCCN
SFH, POF is sat to "1" during power up. It can be set and :sset uncer software contro!
and is pot affectad by RESET.

Table 4. SPCR ~ SPI Conlol Register

EPCR Address = DEH Raszat Valua = 0000 01 XXE
SPIE SPE DORD METR cPOL | CPHA SPR1 SPRO
Bt 7 6 5 4 3 | 2 1 0

Symbol | Function

SPIE 2P| Interrupt Enable, This bit, In cenjunctiun with the ES bit In ths |E register, enablas SPlintarrupts: SPIE = 1 and ES =
1 anable SP intarrupts, SPIE = 0 disables SFI interrupte.

=PE SP| Enable. 5P| = 1 enables the SPIchannal and connects 55, MOSI, MISC and SCK lo pins 1.4, P1.5, P1.6, and P1.7.
5P| = 0 dizables Ihe SPI channel.

DORD Dala Order. DORD = 1 selacts LSB first data transmission. DOAD = 0 salects MSE firet data transmizsion.

MSTH MasterSlave Select. MSTH = 1 selects Master SPl mode. MSTR = 0 selects Slave 5P mode.

CPOL {ilock Polarity. When GPOL = 1, SCK Is high when idls, When CPOL = 0, SCK of the master device is low when not
transritting. Please refer to figure on SP| Clock Phase and Polarity Conlral,

CPHA Clock Phase. Tha CPHA Bit together with the GPOL bit controls the clock and data relationship between raster and
slave. Please refar to figure or SPI Clock Phase and Polarity Contral,

SPRO 8P| Clock Fata Salacl Thase two bits control the SCK rate of the devics configured as mastar. SPR1 and SPRO have no

BFR1 aftect on the siave. The relationship betwaen SCK and the osclilator Irequency, Faax ., is as bllows:

SPR1 SPRO SCK =Fa.. divided by
3] 1] 4
0 1 8
1 o G4
1 1 128

0401 G=MICAC-3108
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Table 5. SPSPR - 3P| Status Hegister

SPSR Address = AAH Resal Value = 00XX XXXAB
SPIF WCoL = = = & = =
Bit T 8 b o 3 2 1 o
Symbol | Function
SPIF 5P| Intamupt Flag, When a sarial transfar is complete, the SPIF bit is sat and an interrupt is genemated If SPIE = 1 and B3
= 1. Tha SFIF bit Is cleared by reading the SP| status register with SPIF and WCOL bits set, and then reading'writing the
5P| data registar.
WCoL Writa Collizion Flag, The WCOL bit iz set If tha SF| dals register is written during a data transfar. During data transter, tie
resull of reading the SPDS register may be incormect, and writing to It has no effect. The WCOL bit (and the SPIF bit) are
cleared by raading the 5P slatus reglster with SPIF and WCOL set, and then accessing the SPI data registar.

Table 6. SPDR - SPI Data Raglster

SPDR Addrass = BAH

s

FResat Valle = Uunchanged
sPOT EFDE SPDS SPDa SPDa EPD2 EFD1 SPDO
7 8 L [ | 2 1 0

Data Miemory —

EEPROM and RAM

10

Tha ATESER252 implaments 2K bytes of on-chip EEPRCGM lor data storage and 256
bytes of RAM The upper 128 bytes of RAM cccupy a paralisl space ta lhe Spacial
Function Registers. That means the upper 126 bytes have the same addrassas as the
5FA space bul ara physically separate from SFH spaca.

When an instruclion accasses an internal location abcve address 7FH, the address
mode used in the instruction specifies whether the CPU accesses the upaer 128 bytes
ol RAM or the 2FR space. Instructions that use direct addressing accass SFH space,

For example, the following direct addressing instruction sccesses ths SFH at lecation
OAOH (which Is P2).
MO DADH, Wdata

Instruclions that uss indirect addressing access the upper 128 bytes of HAM. For exani-
p's, the following indiruct addressing instruction, where RO conta’ns 0AZH, accesses the
data byte at addrest 0AOH, rather than P2 (whose address |s DACH).

MoV @RD, #data

Mote hat stack oparations are examples of indirect addressing, so the upper 128 bylas
of data RAM are available as stack space.

The un-chip EEPROM data memory is sslacted by setting the EEMEN bit in the
WMCON register at SFR addraess location 96H. The EEPRCM addrass range s from
030H le TFFH, The MOVX Instructions are used to access tha EEPROM. To access off-
chip data memery with the MOVX instructions, the EEMEN bit needs 1o be set fo "0".

Tha EEMWE bit in the WMCCN reglster needs o be set to "1" bafore any byla localion
ir the EEPROM can be written. User software should reset EEMWE Eit to "0" f no tur-
thar EEPROM write is required. EEPRCM writa cyclas .n the serial orogramming mode
ae self-limed and typicaily lake 2.5 ma, The progress of EEPRCM writa can be moni-
tored by raading tha RDY/BSY bit (read-only) in SFR WMCON. RDY/BSY = 0 means

LATBOGRE5? oo S S
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Programmable
Watchdog Timer

Timer0 and 1

Timer 2
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programming is still in progress and RDY/BEY = 1 means EEPROM write cycle is com-
pleted and ancther write cycle can Le initiated.

In addition, during EEPROM programming, an attempted read from the EEPROM will
fatch the byte being writtan with the MSB complemented. Once the write cycla is com-
pleted, true data are valid at all bit lovations.

The programmable Watchdog Timer (WOT) operates from an independant internal
oacillator. The prescaler bits, PS0, P51 and PS2 in SFF WMCON are used to set the
parind of the Watchdog Timer from 16 ms to 2048 ms. Tha avallable timer periods are
shown in the following table and the actual timer periods 1al Voo = 5V) are within £30%
of the nominal.

The WOT is disabled by Power-on Reset and during Power-down, It is snabled by set-
ting the WDTEN bit in SFA WMCON (addrese = 96H). The WNT is reset by setting the
WOTRST bit in WMCON, When the WDT times cut without being resal or disablad, an
intarnal RST puiza Is generated to reset tha CPL!

Table 7. Watchdog Trmer Pariod Selection

WOT Prescaler Bita
Ps2 Ps1 Pso Paricd (nominal)
o o 0 18 ms
o . 0 1 32 ma |
0 1 0 64 ms '
0 1 ! 128 ma
B 1 0 0 258 ms
1 0 1 S12ms
1 1 0 1024 ms
1 1 1 2048 ms

Timer 0 and Timar 1 in tha AT8858252 operate the same way as Timer 0 and Timer 1 fn
tha ATBSCS1 and ATB3CS2, For furthet infarmaiion on the timers' cperation, refer to the
Atmel web sita (hitp/Awww.atmal com). From the home page, select "Products”, then
"Microcontrollars, then "8081-Architactira”, Click on "Documentafion”, then on "Othar
Documents”. Cpen the document "AT82 Serias Hardwara Description”,

Timer 2 's a 16-bit Timar/Counter that can oparata as aithar a timer or an event counter,
Tha typa of aparation is selacted by bii G/T2 in the SFR T2CON (shown in Tabla 2).
Timar 2 has threa operating modes: capture, auto-reload (up ar down counting), and
baud rata genarator. The modes are selected by bits In T2CON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, THZ and TL2. |n the Timer function, the TL2 rey-
|ster is incremented every machine cycle. Since a machine cycla consists of 12
oacillator pariods, the count rate is 1/12 of the osclllator frequency.

In the Conurter function, the register ks incrementad in response to a 1-1o-0 transliion al
its corraspanding external input pin, TZ. In this function, the extarnal .nput |& sampled
during 552 of every machine cycle. When the samples show a high in one cycla and a
low in the next cyde, the count is incremented, The new count value appears In the reg-
ister during S3P1 of the cycle following the ona in which the *ransition was detactad.

AEL 3
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Since two machine cycles (24 oscillaior paniods) are required to recoonize a 1-te-0 tran-
sition, the maximum caunt rate is 1/24 of the cscillator frequency. To ensure that a gven
level is sampled at least once before it changas, the level should be heid for at least are

full mackine cycle,
Tabla B. Timer 2 Oparating Modes
ACLK + TCLK cPflZ TR2 | MODE |
0 G 1 | 16bit Auto-relzad |
0 1 1 16-bit Capture |
1 x 1 Baud Rate Genertor
F X | o (om
Capture Moda in the caplure modse, two options are selected by bit EXENZ |n T2CON, If EXEN2 = €,

Timer 2 is a 16-bit timer or counter which upon ovarflow sats bit TF2 in T2CON. This bit
zan then be used to generate an interrupt. If EXEN2 = 1, Timer 2 parfarms the sams
speration, bu! a -to-D transition at external input T2ZEX also causes the current value n
TH2 and TLZ to be captured into RCAF2H and RCAPEZL, respectivaly. In addltion, tha
frareition at T2EX causes bit EXF2 in T2CON to be set. The EXF2 bit, Itke TF2, can
genarate an interrupt. The capture moda is illustrated in Figure 1.

Figure 1. Timer 2 in Capture Mode
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Autc-re!oad (Up or Down  Timer 2 can be programmed to count up or down when configured in ils 16-bit auto-

Counter)

reload mode. This feature is iInvoked by the DCEN (Down Counler Enable) bit located in
fhe EFR T2MOD (ses Table 5). Upon resed, the DCEN bit is set o 0 so that timer 2 will
defanlt to 2ount un, Whan DCEN iz gat, Timer 2 can count up or down, depending on the
value of the T2EX pin.

Figura 2 shows Timer 2 automatically counting up when DGEN = 0. In this moda, two
options are selacted by bit EXENZ in TECON, If EXEN2 = 0, Timar 2 counts up to
AFFFFH and then sets the TF2 bl upen overflow. The overflow also causes the timer
raglsters to be reloaded with tha 18-bit value in RCAP2H and RCAP2L. The values in
ACAP2H and RCAP2L are prasat by software. If EXEN2 = 1, a 18-bil reload can ba trig-
gered sither by an ovarflow cr by a 1-te-0 transition at axternal input T2EX. This
transiion alse =ats tha EXF2 bit. Both the TF2 and EXF2 bits can generata an intarrupt
it anablad,

Setting the DCEN bit enables Timer 2 to count up or down, as shown in Figure 3. In this
modea, the TZEX pin controls the direction of the count. A legic 1 at TZEY makes Timer 2
count up, The timer will overflow at FFFFH and set the TF2 bil. This overflow also
causas the 16-bit value in BCAP2H and RCAP2L to be reloaded into the timer registars,
TH2 and TL2, respactivaly.

A logic 0 at T2EX makes Timer 2 count down, Tha timar undarflows whan TH2 and TL2
equal the values stored in RCAPZH and RCAPZL. The underflow sais the TF2 bit and
causes OFFFFH to ha reloaded into the Umer registars.

The EXF2 bit toggle s whenever Timer E overflows or underflows and can be used as a
17th bit of resclution, In this operaling moda, EXF2 doss not flag an Interrupt.

Figure 2. Timer 2 in Auto Raload Made (DCEN = 0)
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Table 9. T2MOD - Timer 2 Mode Contral Register

TAMOD Addrass = 0C0H Aesat Value = XXX ¥X00H
Mot Blt Addregzabla
[ - - - - - | - T20E DGEN
Bit 7 B [ ‘ 3 | 2 i o |
Symbol Funetion
- Mot implemented, reserved for fulure vae.
TZOE | Timer 2 Output Enabls bit i
DGEN YWhen set, this bit allows Timear 2 1o be configured as an up"::lnwn counter.
Figure 3. Timar 2 Auto Reload Moda (DCEN = 1)
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Figure 4. Timer 2 in Baud Rale Generator hwde
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Baud Rate Generator Timer2is sslecled as the haud rate generator by setting TCLK and/or RCLK in T2CCN
{Tabla 2). Note that the baud ratas for transmit and receive can be different If Timer 2
|s usad for the recaivar of transmitter and Timer 115 used for the otner functicn.

Setting HCLK andfor TCLK puts Timer 2 into its baud rate genarator mnde, as shown i
Figure 4.

The baud rate generatar mode is similar to the auto-reload mode, In thet a rellover in
TH2 causes the Timer 2 registers to be roloaded with the 16-bit valus in registars
BCARZH and RCAP2L, which ara presat by soffware.

The baud rates in Moges * and 3 are daterminec by Timer a'e gvarflow rata according o
the foliowing equetion.

Modre 1 and 3 Baud Rates = Timar 2 D:gmnw Hale

The Timar can ba cortgured for aither timer ar counter oparation. i most applicatiens,
i is configurad for timer operation (CP/TZ = 0). Tha timer oparation is different for Timar
o whan it Is used as a baud rate generator. Normally, £5 8 timer, it Ingramenis avery
machine cycle (al 1/12 the oscillator frequency). As a baud rate gen arator, however, it
increments every state tima (at 1/2 tha oscillator freguency). Tha baud rate formula is
given below.

Modes 1and 3 _ Oscillator Fregue
Eaud Rata 32 = (65538 —(RCAP2ZH,RCAF2ZL)]

whera (RCAP2H, RCAP2L) is the content ol RCAP2H and RCAP2L taken as a 16-bit
unsigned ineger.

e e R T ‘1—mEL 45
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Timer 2 as a baud rate generatar is shown in Figure 4. This figura is valid only if RCLK
or TCLK = 1 in T2CON, Note that a rollover in TH2 doas not set TF2 and will not genar-
ata an inlerrupt. Note too, that if EXENZ is sel, a 1-10-0 transition in T2EX will sat EXF2
but will not csuse & reload from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timaer 2
is In use as a baud rate generator, T2EX can be used as an extra external interrupt.

Nota that when Timer 2 is running [TR2 = 1) as a timer in the baud rate generator mods,
TH2 or TL2 should not be read from o1 written to. Under these conditions, the Timer is
incremented every state time, and the results cf 3 read or wrile may not be accurale.
Tha RCAPZ registars may be read but should not be written o, becauss a write mighi
overlap a reloed and cause write and/or reload errors, The timer should be turned off
icigar TR2) balore accessing the Timer 2 or RCAPLE registars.

A 50% duty vy zle clock can be programined to come cuton P1.0, as shown in Figure 5.
This pin, besides being a regular /0 pin, has twn a'ternate functions. |t can be pro-
grammad i¢ irpul the extumal clock for Timsr/Counter = or to ouut & 50% duty cycla
clock ranging from 61 Hz to 4 MHz {for a 16-MHz operating frequency),

To configurs the Timer/Gounter 2 as a clock generator, bit C/T2 {T2CON.1) must be
clearad and bit T2OE (T2MOD.1) must be sat. Bit TR2 (T2CCN.2) sturts and stops the
timer

The ciock-out frequency depends an the oscillator frequency and the reload value of
Timer 2 captura ragistsrs (RCAP2H, ACAPZL), as shown In the foliowing equation.

Osciliator Frequency
4 « [65636 - ( RCAP2ZH ACAFEL |

Clock Trif Freguency =

In the clock-out moda, Timer 2 roliovers will no! generate an interrupt. This behavior is
similzr to when Timer 2 is used as a baud-rate generator. It is possible 10 use Timer 2 as
a baud-rate generator and a clock generator simullaneously. Note, howevar, thal the
bauc-rate and clock-out traquannies cannot be geterminsd independsntly from one
ancthar since they both use RSAPZH and RCAPZL,

A0 1M I RO=208
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Flgure 5. Timer 2 in Clack-cut Mode
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UART

Serial Peripheral

interface

ATMEL

The UWART in the ATESS8252 operatas the same way a5 the UART in the ATESGSET and
ATEACE2 For lurther infarmation an the LUART onaration, refar i the Atmel web site
(hitp:/fwarw atmel.com). From the hume page, select “Producis’, then "Microcontrollers,
then "8051-Architectura® Click on *‘Deocumeantaton’, than on "Other Documents”™ Cpen
the document "ATB8Y Series Hardwarz Descrintion”

Tha serial poripheral inferfase (BPI) allows high-speed synchronous dats tansfer
betwean the ATBSSEB252 and peripheral davices or betwean several ATB2SE252
davices. Tha ATROSSEDE2 8P| factures In~lude the llowsng

*  Full-Duplex, 3-Wire Synchranous Data Transfar

»  Mastar or Glave Operation

= 1.5 hiHz Bil Fraguency (mex )

«  L&B First or MSE First Tal 1 Transke

«  Four Programmabla Bi Rales

v Endof Transmizsicn Imterrupt Flag

*  Writa Collision Flag Preleclion

v Waleup from |dle for 2 {Slave Mods Only)

The interconnection betwesn master and slave GPUs with 5P| is shown in the fellowing
figura. The SCK pin is the clock oumput in the master mods but is the clock fnput in ths
slave mode. Writing to the SP| data register of the master CPU staits the 5P| clock gen-
arator, and the date written shits out of the MOS! pin and (nta the M2SI pin of the slave
CPU. After shifting ona hvte, tha 8P| clock generator stops, satting the and of transmis-
sion flag (SPIF). If both tha S5( interrupt enable bit {SP'E) and the serial pott interrupt
anable bit (ES) ara =et, an intnmupt is requesiad

The Sieve Salact input, 55/P 1.4, i3 sat low to 3elect an individual SP! device as a slave.
When 55/P1 4 is set high. the SP! port |s deactivated and the MOSI'P1.5 pin can be
used as an input,

Thera are lour combinations of 3CK phase and polarity wilh respac! o serial data,
which are determined by contral bits CPHA and CPOL, The SPI data rransfar farmate
ara shown in Finure 8 and Figure 9,

Figuro 7. SP| Master-slava [ntarconnacton

M_"iB_ MASTER LSB MISO M15:CI{§ MSE SLAVE ‘LSB
B-BIT SHIFT REGISTER 4 ———-'——{ 8-BIT SHIFT HEGISTEH]‘—l
Iu— i T el
|
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5P " . B‘JI( BCK
GLDCiG ENERATOR 2 i E =
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Figurs &, 57| transfz
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SCK (CPCL=0)
SCK (CPOL=1)
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| |
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Format Wi OPHA = D

1
I

B

“fot dafined but normaty W56 of character [usl received

Ms8

ma‘
|

Figure 9, 5P| Transter Format with CPHA = 1

SCK CYCLE #
(FOR REFERENCE)

SCK (CPOL=0)
SCK {CPOL=1)

MOS
(FROM MASTER)

MISC
(FROM SLAVE)

S5 (TO SLAVE)

MNote;

interrupts

m——

A =M SRR

—

-

asmiim

Mot defined bul normally LS of previously transmitted character.

The ATBUS38252 has a lota; of six interrupt vectors: Iwo external intarrupts (INTG and
INTT), threa timer intarrupts (Timers 0, 1, and 2), and the serial port interrupd, These
interrupts are £l shown in Flgura 10.

Each of ‘hese interrupt sources can be individually enabled cr disabled by setting cr
clearing a bit in Specirl Function Register IE. |E also contains a global disable bit, EA,
which disablas all intarrupts at cnza.

Note that Table 10 wnows that bit pasition IE_6 is unimplementad. In the ATEIC51, bit
position IE.S is also . nimplemented. User soitware should not wriie 15 fo thess bit posi-
flons, sinca they may be used in fulure ATE3 products.

Timer 2 in‘errupt is generated by the logical OR of bits TF2 and EXF2 in register
T2CON. Nuither of thesa fiags is cleared by hardwara whan the service routine is vec-
{ored to. In fast, the service routine may have 1o determine whether it was TFZ or EXF2
that ganerated tha intarrupt, aad that bit will have o ba clearsd in softwara,

The Timer 0 and Timer 1 fiags. TFO and TF1, are set at S5F2 of the cycle in which the
timars ovarflow. The valuas are then polled by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, Is set at S2P2 and is polled in the sama cycla in which tha timar

oy arfiows,
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Table 10. |ntarrupt Snable {IE) Ragistar

ATREL

! (MSB)(LSE)

{ EA = ETZ
| |

ES ET1 EX1 ETO

Enzble Blt = 1 enables the intarrupt,
Enable Bit = L disablas the intarrupt.

Symbe Positicn | Function 1
' EA IE7 D'sebles all Interrupts. If EA =0, no Interrupt is acknowlsdged. If £A = 1, each intermupt ¥
| sol-ta |8 individualty enabled or disabled by setting or clearing His enabde it
- IES Resarved.

ET2 IES Timer 2 interrupt anabls bit |
| s 1E4 SPI and UART Interupt snable bit, i
ET IE3 Timer 1 interrupt enable kit
| EX IE2 External intarrupt 1 snable bit o
[ ETO IE1 | TimerOinterrupt enable bit J
' EX0 ! IEO Extamal interrupt O enabls bit !

| Usar software should naver write 1s to unimplemented bits. bacause they may be used in future ATBS products.

Figure 10. Interrupt Sources

™ -
'I'I — —_—
S =
- —
EXF2
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Oscillator
Characteristics

M1 G- MECRO-3008

AT8958252

XTALY and XTA! 2 ar: the Imput and outpit, respectively, of an investing ampiiiar tha!
can be corfigured lor use as an on-chip oscillator, as shown in Figure 11. Either a
guartz crystal of ceramic resonator may be used, To drive the device fram an extema’
clock source, XTAL? should be laft unconnacted whila XTALY is drivan, as shown in
Figure 12. There A= no raquiremants on the duty cyela of the ex*emal clock signal,
since the input 1o the intemal clocking circuitry is through a divide-by-two flip-flop, bur
minimum and maximun: vallage high and low Yime spacifications must be chsarved

Figure 11. Oscifator Conneciions
c2

-—JI——I— XTAL2

[ ]
c1
) — ¥TALY

L‘ GND

Mote: C1,02 = 30pF + 10 pF for Crystals
= 40 pF + 10 pF for Cermmic Aesonators

Figure 12. Cxternal Clock Drive Configuration

NG ———— XTAL2
EXTERMAL
OSCILLATOR ———|  XTAL1
SIGNAL

I— GND
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Idie Mode

Power-down Mode

Program Memory
Lock Bits

ANEL

in idle moda, tha CPL pute jten!f to sleen while all the orochip peripharals ramain active
The mode i invoked by softwara, The content of the on-chip RAM and all the special
functions registars remain unchanged during this mede. The idle mode can be termi-
natec! by any enabled intertupt or by a hardware resst,

Note that when ‘dle mode is terminated by a hardware recet, the device normally
resumes program execution fom vhere it laft off, up to two machine cycles bafore the
intarnal reset algorthm takes control. On-chip hardware inhibits accass to internal RAM
in this event but aceess fo the port pins & not inhibited. To sliminate the possibilty of an
unaxpacted write to a port pin when idle mode is terminated by a resel, the inslruction
foliowing the cne that invekes idle mode should not write o a port pin or to external
mamary.

Status of External Pins During idle and Power-down Modes

Program
Moda Memory ALE | PSEN | PORATOD PORT1 PORATZ PORTY |
il Intarnal 1 1 Data Dala Data Data
) Extamial 1 1 Floal Cata Acdreas Data
Powiar-tdorm Intarnal 0 0 Data Dala Data [ata
Powsrdawn | Bxsmal | 0 | 0 | Fioal Data Data Data

In the power-down mode, the oscillater is stopped and the insiruction that invokes
powet-down i tha 118t instruction exacuted, The on-chip RAM 2nd Sperial Function
Registers retain thel values unlil lhe power-down mode is ferminatad. Exit frem power-
down can be initiatad either by & hardware reset or by an enablad extarpal ine opt,
Rasat rede fines the SFRs but does not change the on-chip RAM. The reset should not
e activate  betore V. _ is rastored to its normal operating level and must be held actve
lormg encagh to aflow the osclllator to restart and stabilize

To sxit powsr-down via an interrupt, the extersal interrupt must be enabled as level sen-
sitive before entering power-down. The intarrupt servica routine starte at 18 ms
frominall after the snabled interrunt pin is actirated.

Thae ATBS=8252 has three lock bits that can be et unprogrammed (L) or can be pro-
grammed P) to ebtain the additional featuras listed in the following table.

When lock bit 1 is programmed, the logic level al the EA pin is sampled and laiched dur-
ing rasat. If the device s nowered up without a resel, the latch inftializes to a random
value and holds that value until reset s activaled. The laiched value of EA mus! agree
with the current leqic level at that pin in order for the device to function proparhy

Ohee programmed, tha lock bits can only be unprogrammed with the Ghip Erass opera-
fions in either the parallel or sanal modes,

Lock Bit Protection Modes!"2

Program Lozk Bits

| et | 1Bz | LB3 | Protection Type

1 U U U Mo Intarral mermory lock faatura. = |

2 P L L WAV instractions axecutsd Tom exemal program meresy are disabled from feiching code byles from
intarnal memary. ER i samplad and latehad on rasat and further programming of tha Flash mamary
{parallel prsarisl moda) 8 disabiad,

3 P p P U Same as Mads 2, bt parslial or sanal venfy are also disablad

4 P P | P | Sameas Moda 3, but extsrmal axeculion s alao disabled.

Wotes: 1. U = Unprogammed
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Prugramming the Atmal's ATBASE252 Flash Micrasontraller offers BY hytes of 'n-sy=tam reprogrammable
Flash and EEPROM Flazh Code mamory and 2K bytes of EEFROM Data mamar

The AT8958252 is normally shipped with the on-chip Flash Code and EEPROM Data
memery arrays in the erased state {i.e contents = FFH) and ready te be programmed
This device supports a High- oftage (12-V Vo) Parallzl programming mode and a Low-
voltage (5-V Voo Serial programming meda. Tiha serial programm ng mode provides A
convenient way to reprogram the AT89S8252 inside the user's system. The parallel pro-
gramming mode is compatibia with sonventional third party Flagh or ERRCM
programmers.

The Code and Data memary arays are mapped via Leparate address spacas in the
sarlal programming moda. In the paralisl programming mode, the two arrays otcupy
one contiguous address space; 0000H to 1FFFYH for the Code array and 2000H to
27FFH for the Datz array

The Code and Data memory arrays on ihe ATBSS8252 are programmad byte-by-byte in
sith ar pragramming mode. An auto-erase cycle is providad with the salf-timed program-
ming operation in the serial programming mode. There is no need to perform the Chip
Erase operation to reprogram any memory location in the suerial programning mods
unless any of the lock bits have beon programmed

In the parallel programming modse, there is no auto-erase cycle, To reprogram any non-
Hlank byte. the usar reeds o uss the CHip Erase operation first to erase both arrays,

Parallel Programming Algerithm: To program and verity the AT89S8252 in the paral-

tel programming mode, the following sequencs s recommendad:

1. Powsar-up saquencs:;

Anply power batwean V.. and GND pins.
Set AST pin to *H"
Apnly 3 3 MHz 10 24 WHz clock to XTALY pin and wait for at leas® 10 millf=econds

2 Se PSENminto "L
ALE pin o "H"

EA pin to "H" and al' othar pins to "M,

3. Apply the appropriate combination of “H" or "L” logic levels to pins P2.6, P2.7, P3.5,
P37 to uelact ona of the pragramming operations shewr In the Flash Programming
Modes tabla.

4 Apply the desire ' byte address 1o pins P1.0to P17 and P20 P25
Apply data to 2ins P0.0 to P0.7 for Write Code oparation.

S Raise EAN,, to 12Y o enable Flash programming, erase or verification,

6 Pulsa ALE/PROG once to program & byte in the Gorde memory array, the Cata mem-
pry array of the Inck hits. The byte-write cycle is sell-timed and hypically takes
1.5 ms.

7. To verity tha byte just programmed . bring pin P2 7 to "L" and read the programmed

data at pins P0.0 1o PO.7.

Aensal staps 3 throunh 7 changing the addrass and data for the entirs 2K or 8K

byles array or until tha end of the objact fila is reached.

9. Power-off soquence:
Sat XTAL1T to "L",
Set RST and EA pins 10 "L".
Tum Ve power off.

0
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Programming
Interface

MEL

In the parnliel programming made, there is no aulo-erase cycle and to reprogram any
non-blank by'e, the user needs to use the Chip Erase oparation first to erase botn
BITAYS.

Data Polling: The ATB8S8252 features DATA Polling to indicate the end of a byte write
cycla, During a byla write cycle in the parallel or serial programming mods, an
atternpled read of the last byte written will result in the complement of the written datum
an P0.7 {paralle| mode), and on the M3B of tha sarial output byts on MISO (serial
moda). Once tha write cycle has been completad, trua data ara valid on all outputs, and
the next cycla may begin, DATA Polling may begin any time after a write cycle has been
initisted.

Ready/Busy: Tha prograss of byle programming in the parallel programming mode can
also be monitored by the RDY/BSY output signal. Pin P3.4 is pulled Low after ALE goes
High during programming to indicate BUSY, P3.4 is pulled High again when program-
ming is done to indicate READY

Program Verify: If lock bits LB1 and LE2 have not been programmed, the programmed
Code or Data byle can be read back vin the address and data lines for verification, The
state of the lock bits can also be verified directly in the parallel programming mode. In
tha serial programming mode, the state of the lock bits can only be verified indirectly by
abserving that the lock bit features are snabled.

Chip Erase: Both Flash and EEPROM arrays are erased electrically at the sama time
In the parallel programming mode, chip erasa is [n'tiatad by using the proper combina-
tion of control signals and by holding ALE/PROG low for 10 ms, The Code and Data
arays ara wtitter: with all *1"s in the Chip Erase nparation.

In the serial programming mode, a chip arase operation is initlated by issuing the Ghip
Erase instruction, In this mode, chip erase is seli-timed and takes about 16 ms.

During chip erase, a serial read from any address location will return 00H at tha data
outputs.
Sarial Programming Fuse; A programmable fuse is availaple to disable Serial Pro-

gramming  the user neers maximum system sacurity. The Sarial Frogramming Fuss
ean only be programmed or erased in the Parallel Programming Moda.

The ATROSE252 is shipped with the Serfal Programming Mode anabled.

Readir.g the Signature B-rtes: The signature by les are read by the same procedure as
a normial verification of locations 030H and N31H, except that P3.6 and P3.7 must be
pulled to a logic low. The vaiues retumed ara as follows:

{030H) = 1EH indi~ates manufactured by Atmel
(031H) = T2H indicates 8858252

Every code byte in the Flash and CEPROM arrays can bae writtan, and the anlire array
can be erased, by using the appropriate combination cf control signals. The write opara-
tion cycle is self-imed and once initiated, will sutomatically time itself to completian.

Most worldwide rpajor programming vendors offer support for the Atmel AT89 microcon-
troller series, Pleasa contact your local programming vander lor the appropriate
soffwara ravision,
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Serial Downloading

Serial Programming
Algorithm

T E-MICRO=206

Both tha Code and Data memery arrays can be programmed using the serial 5F| bue
while RST is pulled to V.. The serial interface consists of pins SCK, MOSI (input) and
MISO (output). Alter BST is set hign, the Pregramming Enabla instruction needs to ba
executad first before program/erasu operations can be executed.

An auto-srase cycle Is built into the seli-timed programming cparatian (in the serial
mods ONLY) and there is no need to first execute tha Chip Erase instruction unless any
of the lock bits have been programmed. Tha Chip Erase operation turns the contant of
every memory location in hoth the Code and Data arrays infa FFH.

The Coda and Data memory arrays have separate address spaces:

0000H to 1FFFH for Code memory and 000H to 7FFH for Data mamory.
Either an axternal system clock is suppliad at pin XTAL1 or a crysia' needs lo be con-
nested ecross pins XTAL1 and XTALZ. The maximum serla clock (SCK) frequancy

should be less than 1/40 of the crystal frequency. With a 24 MHz cscillator clack, the
maximum SCK frequency is 600 kHz.

To program and verify the AT89S8252 In the serial programming mode, the following
sequanca is racommendard:
1. Powear-up sequence.

Apply power batween VGG and GND pins.

Sel RET pinto "H".

If a crystal is 7ot connacled acrass pins XTALY and XTALZ2, apply a 3 MRz 10
24 MHz clock to X7 AL1 pin and walt for at least 10 milliseconds

2, Enable sarlal programming by sending the Programming Enable serial instrustion to
pin MOSI/P1 5. The frequency ol the shift clock supplied at pin SCK/P1.7 needs to
be less than the GPU clock at XTAL1 divided by 40.

3. The Code or Data amay is programmed one byte at a time by supplying the address
and data togethar with the appropriate Wrile instruction. The selected memory lcca-
tion Is first automatically rrased befote new dafa is written, The write cycle is self-
timed end typically takes less than 2.5 ms at 5V.

4. Any memory locatlon can be verified by using thn Fead instruction which raturns the
contant at the selected address al serial cutput MISO/P1.8.

5. At the and of a programming sesslon, AST can be set low to commenca normal
operation,

8, Power-ofl saquence (it needad):
Sat XTAL1 to "L" {if a crystal is not used).
SetRST 0 "L~
Turn V. power off,

ATMEL .




Serial Programming The Instruction Set for Serial Programming follows a 3-byte protocol and is shown in the
Instruction fallowing table:

Inatruction Sst

Input Format

Instruction Byte1 | Byte2 Jyte3 | Operation

Programming Enabls 10101100 | 0101 0011 | wox.ax | Enable sedal programming interlace after 35T goes high,

Chip Erass 1010 14100 oodl 100 wone oo | Chip erese both 8K & 2K mamory amays.

Regd Coda Mamory aanm 8001 low asddr 0o 00x | Read dats from Cose memory array af the salactad addrass.
The b M5Bs of the first byte are the high order address bits.
The low order address bils ara in the second byte. Dala are
avallable af pin MISC during the third byte.

Write Cods Memory saEa a0 loaw adkdr data in Writa data lo Code memory location at selected addrass. The
address bits ara the 5 MSBe of tha first byts togather with the
secand byta,

Faar Dal Mamony CDaa 811 low addr oo 0en | Fead data from Data memory aray al selected address, Data 1
are available at pin MIS3 during the third byla.

Write Data Mamory 00aa af10 loay addr data in Writa date to Data memory location at selected addrass,

Wrile Lack Bits 1010 1100 55511111 000000 | Write lock bits.

o | SetLB1 LR2 or LB3="0" to pragram lock bits.

Notes: 1. DATA poling is used 1o Mdicate the end of a byta wiite cyslis which typcally takes less than 2.5 ms al 5V,
2. “wmuaas" = high order address,
2 %"= don't cara.
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Flash and EEPROM Parallel Programming Modes

e —— e s asssesmnnmn A TEGSE252

Data IO kddress |
Mode R5T | FEEN | ALEPECG | EAV.. | P28 | P27 | Pas | P27 | Po.T0 | P2S0PITIO
Saral Prog. Modes H ht!l K X
Chip Erasa H L ~_ @ 13 H L L L X X
Write {10k bytes) Memory T R v | L | m| W[ n| DN ADDR |
Rea {101 byles) Merrry H L H E L L H ] DouT ADDRA
Wiita Lock Bits: H I VR o 12v H L H L DIN i
Eit=-1 FOL.T =0 X |
Bit- 2 POA =0 X
Bit-3 PG5 =0 X
Read Lok Bila: H L H 19v H H L L DouT X
Bit- QP2 X
ot -2 2P x
i
Bit-34 @GP0 ®
Faad Almel Code H L 1oy L L L L DouT I0H
Fead Devies Code H L H 12V I L L L DouT M
Sarlal Proyy Enable H L [ 12v 1 H L H | PoO=0 b
|
[
| Sarlal Pro Disable H L [ @ 12 L H L H POG=1 X
Flead Sarlal Prog. Fuse H L b 12y H H E H & Poa X
Notes:. 1. h" = weakly pulled "High' Internally.

2, Chip Erane and Serial Programming Fusa require a 10 ms PROG pulse. Chip Erase needs to be performed 'irst before

reprogramming any byte with a conlent other than FFH.

3, P34 s pulled Low during programming to indicate RDY/ESY.

4 "¥'w= don't cars
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Flgure 13. Frogramming tne Flash/EEFROM Memory Figure 15, FlashEEPROM Sarial Downloading

S5V 4 LV tn 6.0V
AT88S58252 j AT89552 o
aopm. 2E ATyl by Vee | — Veg |
D0COH 27 FFH PGM
" ITaln- P20 - P25 PO DATA
[ INETRUCTION _
B INEUT — P SO
SEE FLASH i — ALE -—— PROG DATA OUTPUT +—— P1.&MISO
PROGRAMMING ' i
MOSES TABLE — P3E CLOCK N —# P1LTSCK
—
—e——— XTALZ EA M—— Ypo ——| KTALD
|
S4 MHZI = 3.24 MHz | o
Pl | T
=" " — C1¢
T i BY
&+ XTAL1 AST He— Vi, —e— ——| XTALT AST i —— Y,
% GND PSEN ‘t— @hib
X —3

+

Figure 14. Verifying the Flash/EEPROM Mamary

LBV
AT3958252 T
aooR, 29 51 Pe Vi i s
DOOOH/ZFFFH
—» P20 - P25 PO [ (USE 10K
AR - A13 PULLUPS)
» P26 AFE jg— v
SEE FLASH |l P27 !
PROGRAMMING
moDes TABLE | —*| P28
—» P37
— XTaLz EA j#——— Voo
a24 Mhz| L
-
SR 3+ XTALY AST le—— Vi
_I— GND PSEN
|
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Flash Programming and Verification Characteristics — Parallel Mode
T, = 0°C t6 70°C, Vo = 5.0V + 10%

Symbol | Parameter Min Ma Unita
Wap Pragramming Enable Voltage 11.5 125 '
[ Pregramming Enable Cumant 1.0 i
WMo Osclllator Fraqusncy 3 24 MHz
bz Address Selup to PROG Low 48t L
Ryiak Address Hold alter PROG -
b Data Sstup to FROG Low B A8l oy
A~ Data Hold after PROG 48
vt P2.7 (ENABLE) High to Voe 48ter oL |
barvii Vep Setup to FROG Low 10 s
foram PROG Width 1 o s
Lavow Address 1o Data Valid A8 s
Yy iy ENAHLE Low to Data Valid 48l oL
by Data Float atter ENAELE . | 0 Al o
tasal FAGE High to BUEY Low - 10 us
buc Byte Write Cycle Tima 2.0 s
Flash/EEPROM Programming and Verification Waveforms — Parallel Mode
M0 - P17 I PROGHAMMING ] VERIFIGATION
P20 - P2.5 . ADDRESS J‘f ADDRE33 __>—"
= % = Layrwy
POAT © : -t DATA IN____ (DATA OUT _p——————
v T [ i
Lo y tarax i
ALE/PROG N A -
LR s P SN !
. Ve — T
EmFF ___________________________________________________ .T _________
e -t ey — benoz
P27 | terav — e
(ENABLE) A
| torm —*
< _
(RDY/BEY) BUSY READY
i
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Serial Downlcading Wavefcrms
SERIAL CLOCK INPUT

SCKIP1 7 R Ny 1% 538 I 0
7 6 5 4 3 2 1 0

:rl

1

SERIAL DATA INPUT

MOSIP1 .5  [MsBl_ 1 T T T IS8
1

SERIAL DATAOUTPUT |

MISO/P1.6 MSBL | | — I 1 ]CSE]

Serial Programming Characteristics

Figure 16. Serial Programming Timing

wos XXX

tovsH e s lsHox  (lBLsH
o el A L
' teHatL

mso X o >

Table 11. Serial Programming Characteristics, T, = -40°C to 85°C, V. = 4.0 - 6.0V {Unlass Otharwise Noted)

Symbol Paramater Min Typ Max Units

MW e Cacillator Frequency o 24 MHz i
tacl Csclllator Parlod 416 ) ns

tarsl SCK Fulsa Width High 240 ns

tey an SCK Pulse Width Low -k A ns

e MOSI Setup to SCK High s | ns |
b MOS! Hold after SGK High o 2tacL B i
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Absolute Maximum Ratings*

Operating Temperature . ... -B5°0 to +135°C “NOTICE:
Storage TOMPBRILIS ... iecessinn o ~BE°C 10 #150°C

Yoltage an Any Pln

with Flaspect 1o Ground ...ccmmiir o= 1OV 0 47.0W

Maximum Opemting Yoltage ..., 8.8V

DG OUIPLT GUITBNE. s i 24414 15.0 mA

DC Characteristics
The values shown in this table are valid for T, = <40°C to 85°C and Ve = 5.0V = 20%, unless otherwisa noted.

Stressas bevond those listed under "Absoiute
Maximum Batings™ may cause permanent dam-
age Io the device, This is a stress rating only and
tunctional cperation of the devics at thase or any
othar condiions bayond those indicated in the
aperational sections of this specilication is nol
implled. Exposure to absolute maximum rating
condifions kor extandad pariods may alfect devica
raliabliity.

Symil Paramaeter Candition Min Wax Unirg
v, Input Low-voltage {Exoapt ER) 05 02V -0 y
LT input Low-voltage (EX) 05 0.2 Vs - 0.3 W
W Inpit High-veltage {Ewcapt XTAL1, RST) 02V + 08 Ver+ 0.5 "
Vi Input High-voltage {XTAL1, BST] 0.7 Ve Ve +05 W
ML Cutput Low-vollage ™ | log=18mA 0.5 W
{Porim 1.2,3) !
VoLk Output Low-voltags [ [ lgy =32 mA 0.5 i
{Port 0, ALE, FSEN) -
Vi Output High-valtage lap= B0 ok, Vg = 5V 2 10% 24 ¥
(Pocta 1.2.3, ALE. FEH) low = 25 A 0.78 Voo v
lgp=-10pA 0.8 Ve ¥
T.,.,, Cutpul High-voitage Lppy = -804 pA, Ve = BV £ 10% 24 v
(Port 0 In External Bus WMode; lows = -390 A 0.75 Vee v ]
Lo = -8 pd GOV i
W Logloal O Input Gurrent (Parks 1.2.3) | Vy=046V ' 50 WA
by Loglul.ti-l Ie 0 Transition Girrant (Ports 1,23 Wiy = 2¥, Voo 5V 10% -B50 it
Ly Input Lonkags Cu,rant 045 Wy = Ve ) 119 Ay
{Part 0, BA) I
ARST | Resat Pull-down Reskstor 50 300 Ka |
Gia Pin Gapaciiance Tast Freq. « 1 Mrlz, T, = 26°C 10 pF
lec Pewar Supply Currant Active Mods, 12 MHZ (L] (1.8
Idla Mevda, 12 MHz 6.5 m#,
[ PowsrdownMode Vo = 6V 100 ik
Vog= 3V 40 LA
Motas: 1. Under steady state {non-translent) conditions, |, must be axtarnally limlted as follows:

waxtmum I, per port pin: 10 ma

Maximum 15, per B-bit port: Port O: 26 mé; Ports 1,2, 2 15 mA

Maximium total |, for all cutput pins: 71 mA

Il |y exceeds tha last conditon, Vo, may oxcasd the related specification. Fins ars not guaranteed to sink current greater

than the leled tast conditions.

2 Minimurm V., for Powar-down is 2Y

pEEs———jeeee—ampe R e ]

Qa0 1 G -MIGE A0
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AC Characteristics

Under ope-ating conditions, load capacitanca for Port 0, ALE/PROG, and FSEN = 100 pF; lnad capacitance for all other
oufpuls = £0 pF

External Program and Data Memory Characteristics

AmEL

Varjable Dacillater

Symbaol Paramoter Min Max _ Units
Woial Dsclliator Frequency o 24 MHz
b ALE Pulsa Width Dty oy - 40 ne
bawLl Addrass Valid to ALE Low by = 13 ns
Uik Addrazs Hold after ALE Lm; bupg - 20 ns
fiw ALE Low to Valid In_a:cmadon In . Ao -85 ng
tpL ALE Low to PSEN Low toges - 13 ns
i FEEN Fulae Width Sl - 20 ns
(P FEEN Low to Valid Instruction In By o - 46 ne
i Input Inetruction Hold after PSEN o - ns 1
Iz Input Instruction Float after FSEN tcu:l:'_'”:* s
loxav PEEN o Addrass Valid oL - & _ ng
iy Addrese to Valld Instruction In 5l¢:|.;:|_- BS ns I
by i FSEN Low to Addrass Float o v s
. FD Pulse Width Sty - 100 ne |
b WH Pulze Width Eri;_,;:_ - g ns
Triiow FID Low to Valld Data in Bl o, - 90 e |
:IHRDK Data Held after AD W] ) ns
[y Data Fioat after RO . 2oy - 28 ns
e | ALE Low te Valld Data In - Bl .y - 150 i ns |
T Address lo Valid Data In Bty oy - 165 s
LW ALE Low to BD or WH Low Bloyp - 50 Al + 50 ns
tai. Address lo FD or WR Low Mg p - 75 ns
taw | Deta Valid to WH Transition bor - 20 o ns
e Data Valid te WH High Tloue, - 120 ns
T Data Hold atter WR lsio - 20 ns
e AID Low to Address Float 0 ns
ik A or WH High to ALE High tope - 20 tooL + 25 ns
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External Program Memory Read Cycle

T T

PORTO __ > A0-A7 | ¢ INSTR IN |

AB - A15 X AB-AIS

=
(8]
3
ha
W4
P

External Data Memory Read Cycle

hu—
ALE _ I, 3 4
— [t

PSEN B e ¥ 5
+— lgay —
- by —»
RD e 1 &
-l—tlu,x—l- S —
i it +— o laoz

t .
ALAZ T — ot Trmiox
PORT 0 _ _—KAD - A7 FROM AI OR DPL) (DATA INJ X AD - A7 FROM PCL—INSTR IN

— b, ————

——— by ————

PORT 2 _ X P20 - P2.7 OR AB - A15 FROM DPH__ > A8 - Al5 FROM PCH

i aa

S0 G G R0
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External Data Memory Write Cycle

u—
ALE /F AN /i: RN -
— LT
FSEN s " P
ol —— sty —
WR K | =
lt— togn | — Eonwin - S —# o b
—tcmm—"
PORT 0 _ >t A0 - A7 FROM Rl OR DPL DATA OUT X <XAD - A7 FROM PCL>—(INSTR IN
e —— by, ——™
PORT 2 ¥ P20 - P2.7 OR A8 - A15 FROM D°H < AB - A15 FROM PCH

External Clock Drive Waveforms

i [ femox toion —* =% el
G H\-i
0.7 Voo - !i\
e 02 V- 0.1V N 7 _F"
— oo — ™
et il

External Clock Drive

| Vo = 4.0V to 6.0V

| Symbol | Parameter Min Max Units
Wi, Oiseillater Fraquancy G 24 MHz
l.:u::L i Clock Perod - 41,6 rs |
lenex Hl-llm Time 15 - o ns
b ax cow Time 15 ns

_11.::L|:H Rise Time 20 ne
okl Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
The values In this table are valid for Vo = 4.0V to 6V and Load Capacitance = 80 pF,

Variable Oscillator |
Symbol | Paramester Min i M Units
| tax Sarlal Port Clocx Cycla Time tn | | s
laes | Output Data Setup to Clock Rising Edge ) 10tge, - 133 | ns
Yepia Dutput Date Hold alter Clock Rising Edge o] P i ! ns
M Input Data Hold after Clock Rising Edge T ns
i Glock Rising Edge to Input Dala Valid 10 -193 | 0o |

Shift Reyister Mode (iming Waveforms

INSTRUGTION I 0 | 1 [ 2 | a3 | 4 | 5 | 8 | 7 | 8 | —
oS o e e S 2 o i M
*'_—"|tmu_
co0x S B B o W | |
- AT
E@ﬁfmsﬂw” N_ 0 : 1 I B X 3 0 A4 B M8 KX § A
OUTPUT DATA o [ henx —_—
' = W-r-—-i
| CLESARI .. . AT Ve TR T
INPL-'*FDMA seTril

AC Testing Input/Output Waveforms'"

Voo - 05V—

0.45V —

MNote: 1. AC Inputs during testing are driven at Ve - 0.5V
ior a logic 1 and © 45V for a logic 0. Tirming measuremerts are mada & V., min, for alegic 1 and V¥, max, for a logic 0.

Float Waveforms'"

Mata: 1. Fortiming purposes, a port pin is no longer Moating when a 100 mV change from load veltage occurs. A port pin bagins 1o
float when a 100 mY changy from the loaded VeV, leval coours,

ATmET, ”
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ATBOS8252
TYFPICAL ICC {ACTIUE} at 25°C
24 : ;
Ve w60V
20 e
':lz 16 __,..-"""'-.--.-F e
T Voo =50V
@ 12 oz~ ,..-—-"""-H-Tr--':
.II . _____..--'" _-.______.‘-r-""
L
Y il
i) . '
q 4 8 12 16 &0 24
F {MHz)
AT8958252
TYPIGAL IGC (IDLE) at 25"C
48 = | Vo 00V
40 | —]
c 22 —1
C ooy ___..--'""H — "’"‘7';:;
ST "H#______h—_....f-'* _
oal——] I
0.0 -
{ 4 & 12 18 20 24
F (MHz)
ATBOSB252
TYPICAL ICC va. VOLTASE - POWER DOWN (85°C)
20 |
| 16 /
c -~
i
) i ff
0
L anv 5.0V 6.0V
V.. VOLTAGE

Mates: 1. XTAL1 tied to GND far lee (powsr-down)
2. Lock bits programmed
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Ordering Information

Spead Powear |
(MHz) Supply | Ordering Code Fackage Operation Range
4.0W o 6.0V | ATERSRZ52-24A0 Ay Cornmercial
ATBISRIEIZ4I0 ) (Q=G o FO=C}
54 ATBOSBIE-24PC A0FP6
4.0V o 6.0Y ATE0SE252-24A1 A48, Inchusirial
ATEASR25Z-24J1 44 (-40°C 1o B5C)
ATEOSA2R2-24P| A0P8
' Package Type
444 44 laad, Thin Plastic Gull Wing Quaa Flatpack (TQFP)
44 4d-land, Plastlc J-leaded Chip Camler (PLCS)
40FP6 40-laad, 0.8600" Wide, Plastic Dua! Inline Package (PDil~]

e IG-MISRU=30
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Packaging Information

444 - TQFP
A0 O T *
PIN 1 = # = |
=] !
= ﬁ\\ ( ( = a |
PIM 1 IDENTIFIER 1 ;
T
g’ ~-, Ei E
—1
= |
=
= |
= |
= 4
T {1
.
c [+ - *
— IR <A, 1 e
- L
COMMON DIMENSIONS
{Linft of Maasute = mim)
symeoL| MmN | wowm | max | NoTE
A = = 1.20
| a1 | oo0s = 0.15
AZ 095 | 100 | 1.05
D 1175 | 1200 | 12.25
(3] .60 10.00 10,10 | Mok 2
= 1175 | 1200 | 1228
Motes: 1. This package condorms to JEDEC raferencs M35-026, Varaton AGB.
2. Dimenslons DY and £1 do not Include meld protrusion. AMlowabse E1 8e0 | 10.00 | 1010 |MNoleZ
protusion | .25 mm por side. Dimansions D1 and E1 are maximum B 0.30 - 045
plastc body size dimersions ncluding mold mismaleh, c 0.09 ~ 090
2, Lead coplanarity k& 0.10 mm maximam
L 045 - 0,75
] 0B TYP 3 ~
10/5/2001
"TITLE DRAWING NO. |REV.
AMEE 222 Orahard Pariwva | 44, 44-1ead, 10x 10 mm Body Size, 1.0 mm Body Thickness, i 5
SehoJosh 0.8 mm Lead Pilch, Thin Profile Fiastic Quad Flat Package (TQFP)
38 ATEDERZ5S comm e TS T ey e s )
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44J — PLCC
1.14(G.045) X 45° FrN NO. 1 LML 0.318{0.0125)
rICENTIFIER 0,150,007
o I i O o O o o |
i I I
* i H : |
* O h |
L0 :
j 4 Bl E oeE2
g T
_tE
O
0 .
3
= ) a2
f : e A1
——
=
0 B 1[0, C2UpMAX _,je
45 MAX (30 T T
L I = HE COMMOMN DIMENSIONS
: S {Lnit of Measura = mm)
SYMBOL| MIN | NOM | MAX | NOTE
A 4191 = 4572
A1 | 2088 = 3048
AZ 0,508 - -
o 17388 - 17.653 L
o | 18510 N 16.662 | Notm 2
T E 17.999 - 17.653
Motes. 1. This peckage conborms o JEDEC referance M5-018, Vanatch AL, g
2. Dimenzlons 111 and E1 do not induda mold protrusion. E1 |65 | - 16.662 | Nota 2
Allewable promusion i 010 (0,254 mm} per side. Dimarsion 07 DE/E2 | 14006 | E 16.002
and E1 inchids mold mismatch and are maasured at ha axirama a 0,680 == e
matarial condition at tha uppear or lower parting line. d |
3. Lead coplanarly is 0.004" (0.102 mm) maximum, a1 om0 | - 053
a 1,270 TYP
100440
TITLE DRAWING NO. |REY.
2325 Orchard Parkway | 44y 44 1aad, Plastic Jeaded Chi
\ 7 p Camar (FLGC)
M San Joge, CA 05131 44 B

JII“E: 3
A0 1G-MIGAC-3/ : »




40P6 - PDIP

— -

p———— i T

Lﬁnnnnnr—l‘ .
( E1
_EI_ET&“[_]LJLJI_II_II._V"L.I-_I _‘*

1 —
e S TR 71,

31 L il
’—r::j COMMON DIMENSIONS

L /W or-15 REF {Unit of Measura = mmj
J—A
symBoL| MIN | Nom | max | NOTE
I--— oB ——-1 A - - | 4828
A1 | oam - -
52070 | - | 52578 | Note 2
E |10 | - |15878
T E1 | a4z | - | 12070 |New2
B 0,356 - | osse
Noles: 1. This package conforms to JEDEG relerance MS-011, Variation AC. LS. A O
2. Oimansions D and E1 da roi Indude mold Flash or Protusion, L 2048 = AEER
Mokd Flash or Pretrusion shall ol excesd 025 mm {0.0107). e 2503 = 0,581 =
" om | 1548 | - | 1752 -]
B 2,540 TYF
0201
TITLE “[PRAWINGNO. [REV.
ﬁs Jar:[.'%r: !::ET:HW ?rﬂmp ;g;::g! {?ﬁm'jHE,E# mm Wide) Plastie Dual i 4076 a8

40 ATEOSAI5Y ares e e e G —
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Features

= Compatible with MCS5-61®Products
+ BK Bytes of In-System Programmable (ISF) Flash Memory
- Endurance; 1000 Write/Erase Cycles
4,0V to 5.5V Operating Aange .
s e

Fully Static Operation: 0 Hz to 23 MHz
Thraadevel Program Mamory Lotk
256 x §-hit Internal RAM

32 Programmable 'O Linss

Three 18-bit Timer/Countera -
Elght Interrupt Sourcea 8=bit
Full Duplex UART Serial Channel

Low- r idke and Power-ciown Modes i
hhnlmmw:; from Powar-down Mode M |crﬂcﬂntrﬂller

Watchdog Timer with 8K Bytes

Dual Dazia Pointer
PR In-System

Description Programmab.c

The ATBOG52 Is & low-powar, high-parformance CMOS 8-bit micracentroller with BK FI ash
bytes of in-system programmutile Flash memory. The duvice s manufactured using
Atmal's high-density nonvolatle ;nemary technoiogy and Is compatible with the indus- u
try-standard 80CS51 instruction set and pinout, The on-chip Flash allows the pregram
memary to be reprogrammed in-systemn or by a conventional nanvolatile memory pro- ATBQS 52
gramnier. Sy combining a versatile 8-bit CPU wilh in-system programmabla Flash an
& monalithie chip, the Atmal AT38552 is a powerful microcontroller which provides a
highly-flaxIbla and cost-alfactive sclution to many embedded control applications,

The ATB2S52 provides the fellowing s'andard featuras: 8K byles of Flash, 256 bytes Pl‘Ellmlnﬂry
of RAM, 32 |/Q lines, Watchdog timer, two data pointers, three 16-0it timer/countsrs, a
slx-vactor two-leval In.arrupt architecturs, a ful duplex serlal port, on-chip oscillator
and clock o reultry, In addition, the AT88552 is designed with static logic for operation
4own to zero freguency and supports two software selectable power saving modes.
The Idie Mode stops the CP.J while allowing the RAM, timerfcounters, erial port, and
interrupt system to confinua funclioning. The Powar-down mode savas tha RAM con-
tants but fisazes the osclllator, disabling all other chip functions until tha next interrupt
ar hardwars rasel,

Ray. "S19A-LTI




Pin Configurations

PDIP
[l
T2ir, 1 awvan
M2ENP.AT]2 % P90 {ADD)
Frafa 38 F1P9.1 D)
Frar]q a7 [1Pa2 (Al
P AT]E 36 P03 (ACE]
(MO8 P58 35 [ Pa.4 (AD4]
MBI P T 34| 1505 (AL
1GEK) P TE 33 [1P08 (ADA]
AT 0 A2 PLT ADT
FXD) Fa.a O 10 H O ERVFP
D Pl 1 an [ ALEAFRI
(IFTH PR L 12 9 [1SEH
(AT PRI 13 2BOPATIANE
[T 4 [ 14 ATCIP2A AT
[rpPes 16 OPEE (A1)
T Paa ] 18 e 1P (R1Z)
A PET O 17 24 [TP2.3 A1)
KTaLd [ 10 AP (A
XTALY [ 10 2P (Ae
@0 [ &0 21 P20 (AR
TQFP
B =
ag §5E8B
e R ] e
EEEEEEéEEEE
ITHIIREZERZ
Tl A K 3371 PO JAD
IS0y e 2 a2 Pa.5 AL
(ECK} .7 08 [ PO6 A}
RET Ja 0[] PO.T AL
(XD PIL ]S 2001 EAVPF
ot | | 281 NG
ED P31 g7 27 [0 ALEOTDE
(T r e La 20 [ FSER
(T e 25101 PRT [R5
P4 10 24 P2E (A%
[Ty Pas o 11 230 PES A3
i B A g~ Sl
S ERCEBECNG S
EEEE T I T
*ﬁE- e = is = B
EE 22232

ATmEL

PLCS
E = &
pg 553§
i B o — o
faaszlBEEES
OanooOonponnoril
ToToN-ToRT S
WEJHLgT o 6 [P0 (ALM]
misyMac]a 28 100 K ADS)
SR 1T a7 [P0 8 (ADa)
BaT 3 OPo T AR
AHMDY PG =% D EAVPR
MG 34 OING
MEN T3 33 [ ALEFREG
(TS Pa.2 E-dnbeal
I:THTTJPE‘.J P2 T AE
[0 P4 2011 PLE (AT
[Tt} Fas sanmy 3121:-:|1!-z.:|.1.ln-:1;|
- - - T L= -
BEIi3 Rasad
=k k& "
E& I5E:E
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Block Diagram

PO.C - P07 Pap - Pay
o “liizii 4 $I+£
UV [N NN UL (W Ry SR TR (R e b e L i
v i YYY 4 ¥y v
! POST & DRNVCEE POAT @ DHIVERS
1
GHD I L 3
5 -
= RAM ADDA. PORT 0 PORT 2 _
: REGISTER —il_ A LATCH anﬂ FLASH 14
i
i 2 |
i . — . L 4
! i I [ I
i
: |
i ' |
[ e e .
i REGIGTER ACC FOIMTER | RESCTER |
i |
5 .
i L J' Y
: t—— BUFFER  [#—
| TR TMP
i
| |
i ! I| P 2
' ALLI |‘ INCREMENT=R [%—
1
: INTERRLIPT, BERIAL POAT,
: l AND TIMER BLOCKS
: 5 T PROGRAM >
: |
: * | |
SEEN A — | # |
ALEPROD TIMING INETELCTION L 4 L | A I M DAL DPTA
: AND ] | A—_— . -
BT / Ve ———B{ GONTROL REGSTER [ T ' &
AsT ——M Z |
: pr— ' | '
i poKRT 3 POAT 1 1P FLAM
: WATCH | LATEH L — P PROG
i
1
i
i
]
1

|: :‘ Pag - Pa7 P10 - P17
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Pin Description

vCcC
Supply voltage.

GHD
Ground,

Portd

Fart 0 |s an 8-bit opan drain bidirectional 110 port. As an
sutput port, each pin can sink eight TTL inputs. When 1s
ara writtan 1o porl 0 pins, the pins can ba used as high-
impedancs inputs,

Port 0 can also be configurad to be the multiplexed low-
order address/data bus during accaesses to external
program and data mamory. In this mode. PO has internal
aullups.

Port 0 alzo receives tha coda bytes during Flash program-
ming and outputs the code byles during program varifica-
tion. Extarnal pullups are required during pregram
carificatlon.

Jart 1

2ort 1 is an 8-bit bidirectional VO port with imernal pullups.
rhe Port 1 output buffars can sink/source four TTL inputs.
Nhan 1s are written to Port 1 pins, they are pulied high by
he internal pullups and can be used as inputs, As inputs,
Jort 1 pins that aro externally being pulled low will source
surrant {1, ) bacause of the internal pullups.

n addition, P1.0 and P1.1 can be configured to be the
imer/sountar 2 external count input (P1.0/T2) and the
imar/aountar 2 trigger input (F1.1/T2EX), raspactively, as
shown in tha following table.

Iart 1 also receives tha low-order address bytas during
“lagh programming and verification.

Port Pin Alternate Functions

F1.0 T2 (external count input to TimerCountar 2),
clock-out

P11 il T2EX (TimarCounter 2 caplure/raload tipgar
and direction control)

P15 MOCSI (used for In-System Programming)

P18 | MISO (used for In-System Programming)

P1.7 SCK (used for InSystem Programming) |

‘ort 2

'art 2 is an 8-blt bidirectional VO port with internal pullups.
he Port 2 output buffers can sink/aourca four TTL inputs.
Jhen 1s are written to Port 2 pins, they are pulled high by
1@ internal pullups and can be used as inputs. Asinputs,
'art 2 ping that are externally being pulled low will sourcs
urrent {|, ) becausa of the Internal pullups.

‘ort 2 emits the high-ordar addrass byte during fatchas
am axlarnal program mamaory and during accessa: to

axtarnal data mamory that use 16-bit addresses (MOVX €
DPTRA). I this application, Port 2 uses strong internal pull-
ups when emitting 1s. During accesses to external data
memaory that use B-bil addressas (MOVX @ RI), Port 2
amits the contants of tha P2 Special Funetion Registar.

Port 2 also receives the high-order address bits and some
sontrel signals during Flash programming and varification.

Part 3

Port 3 is an 8-bit bidwactional /O port with internal pullups.
The Port 3 output buffers can sink/sourca four TTL inputs.
Whan 15 are writtan 1o Port 3 pins, they are pulled high by
ihe internal pullups and can be used as inputs, As Inputs,
Paort 3 pins that ara externally being pulled low wil' sourcs
surrent {ly } because of tha puliups.

Port 3 also sarves the funcfons of varlous spacial 'eatures
of the ATBES52, as shown in the following table.

Port 3 also recelves some contral signals for Flash pra-
gramming and varification,

Port Pin Alternate Functions

Pa.0 XD (serial input port)
 pa.t TXD feerial output port)

Pa.2 TNTO (ectemal Intarmup 0

Pa.3 TNTT {extarnal interrupt 1)

Pa.4 ) TO (tirmer O & tarnal Input)

P35 T4 (timar 1 external Ingut)

P3.6 WH (extamal data memory wiits strobe)

P37 Pl {extamal data mamory read strobe)
RST

Reset input. A high on this pin for twe machine cyclas whilo
the oscilletor is running resets the davice. This pin drives
High for 96 oscillator periods after the Watchdog times out.
Tha DISATO bit In SFA AUXRA (address 8EH) can be usad
10 dizahle this feature, In the default state of bit DISARTO,
the RESET HIGH out featurs is enabled.

ALE/PROG

Address Latch Enable (ALE) is an output pulse for latching
the low byts of the address during accesses lo extarnal
memery. This pin is also the program pulse input (FROG)
during Flagh programming.

in normal operation, ALE |s emittec at & constant rate of
1/8 the oscillator frequency and may ba usad for axternal
timing or clocking purposes. Note, however, that cne
ALE pul:e is skipped during each access to external data
mamory.

If dusired, ALE operation can be disabled by setting bit ¢ of
SFA logation 8EH. With the bit sel, ALE s active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is

ATHEOSE? e ey e e mme s




N m——— A R LY

waakly pulled high. Setting tha ALE-disable bit has r-o
affect if tha micracontraller is In external execution mods,

PSEN

Program Store Enable (FSEN] is the read strobe to exter-
nal program memaory,

When the AT88552 is execuiing code from axternal pro-
gram memary, |s activated twice sach machine
cycle, except that two PSEN activations are skipped during
aach acosss to axternal data mamory.

EA/VPP

External Access Lnable. EA must ba strapped to GND In
arder to anable the device 1o fetch coda from external pro-
gram memery locations starting at 0000H up o FFFFH.

Tabla 1. ATE9552 SFR Map and Ressl Valuss

Note, howaver, that if lock bit 1 is programmed, EA will bs
internally latchad on raset,

EA should ba strapped 1o V. for internal program execu-
tlons.

This pin aiso receives the 12-volt programming enable volt-
age [Vpg) during Flesh programming.

KTAL1

Input to the inverting oscillator amplifier and input to the
in‘arnal clack oparating circuit,

XTALZ.

Output irom the inverting asaillator amplifier.

OF&H OFFH
B
OFSH | ocoooend GETH
OE&H | OEFH
OEOH | hann OETH
ODEH | 0DFH
|
PSW
BOCH | oghotcs 0D7H
scer | T2CON T2MOD RGAPZL RCAPZH TL2 THe i
00000000 | OO0 | 00000000 | 00000000 | 00000000 | 00000000
0CoH 0CTH
oREH I8 0RFH
XHO00000
Pa
0AOH IREEERAR] | na7H
OABH e i OAFH
0X000000
P2 AUXR1 WDTRST
OACH | 3939144 MOOOUNHC XOOD000KX EATH
SCON SBUF
FAH | oo000000 | X00U0MK 9FH
P1 "
90H | 41 . %N
aany | TEOM TMOD Lo L1 THO THI AUXA i
00000000 | DOD0ODOO 00000000 | cooooooo | oopooboD | 00000000 |  XXXDOXXO
- PO sp DPOL DPOH DPIL DPIH PCON | 4oy,
11111117 | ooocot11 00000000 | 00000000 | 00000000 |  DOOCOONO OXNXO000
5
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Special Function Registers

A map of tha on-chip memory arsa called the Special Func-
tion Reglstar (SFR) spaca s shown In Table 1.

Note that not all of the addresses ars occupled, and unoce-
cupied addrasses may not be implementad on the chip,
Fead accas=aes to these addresses will In general return
random data, and wrlte accessas will have an Indetermi-
nate affact,

User softwara should not write 1s to these unlistad loza-
tisns, since thay may ba used in future producis to invoke

Table 2. T2CON - Timer/Counter 2 Control Ragister

new featuras. In that case, the raseat or inactive values of
the new bits will always be 0.

Timer 2 Registers: Contrel and status bilts are contained in
registars T2CON (shown in Tabla 2} and T2MOD {shown in
Tabia 3) for Timer 2, The ragister pair (RCAP2H, RCAPZL)
ara the Capture/Aeload registers for Timer 2 in 16-bit cap-
ture mode or 16-bit auto-raload mode, i
Interrupt Registers: The individual interrupt anabla bite
are in the |E ragigter, Twe priorities can bea sat for each of
the six interrupt sources In tha 1P registar.

T2CON Address = 0CBH Feset Vaius = 0000 0O00EB
Bit Addressable ;
Bit TF2 EXF2 AGCLK TCLK EXEN2 TR2 cifa CPMALE
7 8 5 4 | 2 1 i
Symbeol | Funectlon
TF2 Timer 2 everfiow Nlag sat by 8 Timer 2 ~vediow and must be clsared by softwara, TF2 will not be set whan either RCLK = 1
| or TCLK=1.
EXF2 | Timer 2 external Rag se: whan sither & caplure or reload ks caused by a nagative transition on T2EX and EXEM2 = 1,
I When Timer 2 intarrupt is enabled, EXF2 = 1 will cause the CPU to veckor to the Timaer 2 intermupl mutine, EXF2 must be
cleared by software, EXFZ doas not causs an Intormupt In up'dawn counter mode (DGEN = 1),
ACLK Fecetve clock enable, When set, causes the serlal port tc use Timer 2 overflow pulass for ite racelve cloek in serial porl
Modes 1 and 3. RCLK =0 causas Timer 1 ovarflow to ba usad for the recaive clock.
TCOLK I Traramit clock enable. Whan set, caures tha serial porl to uss Timar 2 overflow pulses for its transmit clock in serial port
| Maodes 1 and 2. TCLK = 0 causes Timer 1 ovarflows lo be usad lor tha transmit clook.
EXEMNZ i Timear 2 extamal anable. Whan sat, allows a capture or relaad o occur as a resuft of a negative transition on T2EX if Tirmer
2 |s net being used o clock the seral port. EXENZ = 0 causes Timer 2 io ignora events at T2EX.
TR2 Start/Stop contrel for Timer 2. TR2 = 1 starts the tmer.
o2 Tiriar of counter saleat for Timar 2. GT2 = 0 far imer function, CT2 = 1 lor external event counter (falling edge triggerad).
GPMALE | Capture/Asload select. GP/ALE = 1 causes captures to eonur on negative tmnsitions at T2EX I EXEN2 = 1, cCRRE=0
causas automatlc reloads to esour when Timer 2 overflows or negative transitions ccour st T2EX when EXENZ2 = 1. Whean
alther RCLK or TCLK = 1. thiz bit is ipnored and the timer ks forced lo aulo-reload on Timer 2 ovarfiow.
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Table 3a. AUXR: Auxiliary Register

ALIKR Address = 8EH
Mot Bit Addressable

Raset Valus = XXXO0XX0B

WDIDLE

DISATO = - DISALE

Bit T g &

1 0

[ Rasarvad for fullre ~xpansion
| DISALE Disable/Enable ALE
DISALE ('perating Moda

0 ALE is smitted at a constant rate of 1/6 the oscillator frequency
1 41 E Is sctlve only during a bEVX or MOVC Instruction

DISRTO Dizable/Enable Raset out

DISATO

0 Reset pin |s driven High after WOT times oul

1 Razet pin s input onky
Disabia/Enable WOT in IDLE mode
wWhIDLE

WDIDLE

0 WDT confinues ta eount in 1DLE mode

1 WOT halts counting in IDLE mode

Jual Data Pointer Registers: To facilitate accessing both
ntarmal and extarnal data memory, two banks of 16-bit
Jata Pointat Regisiars are provided: DPO at SFR address
acations 824-83H and DP1 at B4H-85H, Bit DP5 =0
n SFR AUXR1 salects DPO and DPS = 1 selects DP1,
The user should always initialize the DPE bit o the

lable 3b. ALUXR1: Auxiliary Register 1

appropriate value before accessing the respeglive Data
Pointer Aegistar.

Power Of Flag: The Power Off Flag (POF) is localed at bit
4 (PCON.4) in the PCON SFR. POF is setto 1" during
powar up. | can be sat and rest under software control and
is not affeclad by reset,

ALTERA Addrags = AZH
Mot Bit Addressable

Resat Yalue = XXO000N0B

DPs

Bit T B { &

- Roszarved for fulure expansion
OPs Cata Pointer Registar Salect

DPS
o Salacts DFTH Registers DPOL, DPOH

1 Salects DPTH Ragsters DP1L. DP1H

e T | e e m T
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Memory Organization

WCS-51 devices have a separata address space for Pro-
grem and Data Memory. Up o 84K bytes each cf external
Program and Data Mamory can be addressad.

Program Memory

If tha EA pin Is connocted to GND, all program fetches are
diractad to exisrnal memory,

On the AT89S52 il EA Is connectad to Veg, program
fetches to addresses 0000H through 1FFFH are directed to
intarnal memory and fetches to addresses 20C0H thraugh
FFFFH ara to external mamary.

Data Memory

The ATB9S52 Implements 256 bytas of on-chip RAM. The
upper 128 bytes occupy & paraliel address space to the
Spacial Function Registars. This means that the uoper 128
Jyias have the same addresses as the SFR space bui are
shysically separate from SFH space,

When an Instruction accusses an internal location above
addrass 7FH, the address mode usad in the instruction
specifies whather the CPU accessas the upper 128 bytes
of RAM or the SFR space. [nstructions which use dir 3ct
addressing accass of tha SFR space.
For examp's, the following direct addressing instruction
accesses the SFR at location 0ADH (which is P2)

HOW OAOH, ¥data
Instructions that use indiract addressing access the uppat
128 bytes of RAM. For exampla, the lollowing indirect
addressing instruction, whera RO contains 0AOH, accesses
the data byte at address OAOH, rather than F2 (whose
addross is 0AOH).

HOV ORO, #data
Note that stack operafions are examples of indirect
addressing, so the uppar 128 bytes of data HAM are avail-
able as stack space.
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Natchdog Timer
‘One-time Enabled with Reset-out)

"he WDT Is intended as a recovery methoc in situations
vhers the PU may be subjected to suftware upsets. The
YOT consists of a 13-bit counter and the Watehcog Timer
leset (WDTRST) SFA, The WDT Is defaulted to disable
rom exiting ressl. To enable the WDT, a user must write
11EH and CE1H in saquence to the WDTRST register
SFR location 0AGH). Whan the WDT is enabled, it will
serement avery machine cycle while the ascillator is run-
ing. The WDT timeout period |s dependerit on the axtemal
\|ock frequency. Thare Is no way to disable the wDT
moept through reset (either hardware rezal or WOT ovar-
low reset). Whan WDT overflows, it will drive an oufput
1ESET HIGH pulse at the RST pin.

Jsing the WDT

‘o anable the WDT, a user must writa 0" EH and 0ETH in
.equenca to the WDTRST registar (SFR location oABH}
Vhen the WOT is anabled, the user nesds to service it by
sriting 01EH and OE 14 to WDTR3T to avoid & WDT over-
ow. The 13-bit counter overflows when it reaches 8191
1EFFH), and this wili reset the device, When the WDT Is
inablad, It will increment every machine cycle whila the
selllatar i= running, This means the user must reset tha
VDT at least evary 8191 machine cycles. To reset lne
YDT the usar must write 01EH and 0E1H to WOTHST.
WDTRST is a writs-only register. The WDT cournter cannot
@ read or writter. When WDT overflows, it will genernte an
wuiput RESET pulse at the AST pin. The AESET pulsa
luration is 56xTOSEC, whera TOSC=1/FOSC. To make tha
\est use of the WDT, it should be serviced in those sec-
ions of code that will perindically be executed within the
me raquirad 1o pravent 8 WOT resat.

NDT During Power-down and idle

1 Powar-down mada the oscillator stops, which means the
VDT also stops. While in Power-down mode, the user
loas not nesd 1o service the WDT. There are two methods
t axiting Power-down mode: by a hardware raset or via a
svel-activared external interrupt which Is anabled prier to
ntaring Power-down mode. When Fower-cown is exited
jith hardwere resst, servicing the WDT shouid ocour as it
.ormally doss whanever tha ATBSS552 is reset. Exiling
‘owar-down with an intarrupt is significantly ditferent. The
starrupt is held low long enough for the esclllator to stnoi-
za. Wher the interrupt |s brought high, the intarrup’ is
srviced, To prevent the WDT from rasetting the devize
/hile the interrupt pin is held low, the WDT is not started
ntil the interrupt Is pullad high, It is suggested that the
VDT be reset durirg the interrupt service for tha interrupd
ised to axit Powear-down mode.

To ensure that the WDT does not averflow within a few
states of exiting Power-down, It is best to rese! the WDT
just befara entering Power-down mods.

Eefore going into the IDLE mode, the WDIDLE bitin SFH
AUYA is used to detarmine whether the WDT continues to
count if enabled, The WDT keeps counting during IDLE
(WDIDLE bit = 0) as the default stats, To prevent the WDT
from resetting the ATR9SE2 while in IDLE moda, the usar
shauld always sat up a timer that will pariodically exit IDLE,
sarvica the WOT, and reenter IDLE moda.

With WDIDLE bit enabled, the WDT will stop to count [n
IDLE made and resumas tha count upon exit from IDLE.

UART

The UART in tha ATHUSSZ operates tha sams way as the
UART in tha ATB9CS1 and AT89C52. For further informa-
tion on the UART operation, refer o the ATMEL Web site
(httpz/Awww atmel.com). Fram the homa page, select 'Prod-
ucts’, then 'B051-Architecture Flash Microcontroller', than
'Product Ovarview',

Timer 0 and 1

Timer 0 and Timer 1 in the ATASSE2 oparate the same way
¢e Timer 0 and Timer 1 in the ATBSCS1 and AT89CS52. For
turther information on the timers' operation, reler to the
ATMEL Web sile (http:/iwww.atmel.com). From the heme
nage, selact 'Products’, then 'B051-Architacture Flash
Microcontroller', than "Product Overviow'.

Timer 2

Timer 2 is a 16-bit Timer/Counter that can operate as either
a timar c1 an avent countar. The type of operation is
selactad by Eit C/TZ in tho SFR T2CON (shown in Tabile £).
Timer 2 has thraa operating modes: capture, aute-reload
(up or down counling), and baud rate generator. The,
modes are selecied by bits in T2CON, as shown in Table 3.
Timer 2 cunsists of two B-bit registers, TH2 and TL2, In the
Timer function, the TL2 register is incremented avery
machine cycle. Since a machine cycle consists of 12 oscik-
lator periods, the count rate is 1/12 of the osclilator
fraguancy.

Tabla 3. Timer 2 Operating Modes

RCLK +TCLK | CPRAI2 | TRZ | MODE
0 o 1 16-bit Aulc-reload
0 1 1| 16-bit Capture
1 b 4 Baud Rate GencozioT
X ¥ 9 (Off)

s ATTIEL ;
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In the Countar function, the register is incremented in
response to a 1-to-0 transition at its comesponding external
input pin, T2. In this function, tha external input is sampled
during S5P2 of avery machine cycle. When the samples
show a high in ona cycle and a low in the naxt cycle, the
count |2 incramented. The new count value appears in the
ragister during $3P1 of the cysle following the one in which
the transifzn was detectad, Since twe machine cycles (24
oscillator periods) are required 1o recognize a 1-i0-0 fransi-
tion, the maximum counl rata is 1/24 of the oscillator fre-
quency, To ensura that a given level ie sampled al least
pnee balora it changes, the leval should ba held for ut least
one full maching cyala,

Capture [Mude

in tha casture mode, two options ara selavied by bit
EXENZ In T2CON. If EXEN2 = 0, Timer 2 is a 16-bit imer
or counter which upon overflow sets bit TF2 in T2CON.

Figurs 5. Timer in Capiurs Mode

This bit can then be usad to ganerate an inierrupt. If
EXEMZ = 1, Timer 2 parforms the same operation, buta 1-
to-0 transition at extarnal inpul T2EX also causas the
current value In TH2 and T1.2 to be captured into AGAP2H
and RCAP2L, respectivaly. In addilion, Ine lransition at
TPEX causes bit EXF2 in TACOM to be set. The EXFZ2 bi,
like TF2, can generate an interrupl. The capture mede s
illustrated in Figure 5.

Auto-reload (Up or Down Counter)

Timar 2 can be programmad to count up or dawn whar,
senfigured in lls 18-blt auto-reloed mode. This faatura |s
Invalkad by the DCEN [Down Counter Enabla) bit located in
tha SFR T2MOD (seea Table 4). Upon resat, the DCEN bit
is 56l 10 0 50 that timer 2 will default to count up, When
DCEM is set, Timer 2 can count up or dewn, depending on
the value of tha T2EX pin,

0sC Mg —
g G20
~—o— 75 o T e | TR |
[ [
AN 3!
" e ] CVFRFLOW
s by TR ---\v?—-tl 7
= |
T2 PIM GAPTURE| | i —D
]FIGAF"JH RCAPZL
TRANSITION
TIMER 2
DETECTOR — INTERRUPT
| C)/“/
TEX PN [ }—+ s | — T ¥ EXFz
(——
EXENZ

“igure € shows Timer 2 sutomatizally counting up whan
JCEMN=0. In this mode, two options are selected by bit
IXEN2 In T2CON. |f EXEN2 = 0, Timer £ counts up 1o
JFFFFH and then sets tha TF2 bit upon overflow, The
werflow aiso 2auses the timer ragisturs 1o he relcaded with
he 16-bi! value in RCAP2H and RCAP2L. The values in
“Imear in Capture ModeRCAP2H and RCAPZL ars presst
w software. If EXENZ = 1, a 16-Lit raload can be triggered
ithar by an overflow or by a 1-to-0 transition at external
1put T2EX. This transition also sats the EXFZ bit. Eoth the
"F2 and EXF2 bits can generate an |nterrupt if enabled.

iatting the DCEN hit anables Timer 2 to count up or down,
= shown in Figure 8. In this mode, the TZEX pin confruls

the direction of tha eount. A logic 1 at T2ZEX makes Timer 2
eount up. The timer will ovarflow at OFFFFH and sal the
TF2 bit. This overflow also causes the 16-bil value in
RCAP2H and RCAP2L to be reloaded Into the timer regis-
ters, TH2 and TL2, respaclively.

4 loglc 0 at T2EX makes Timer 2 count down, The timer
underilows when TH2 and TL2 equal the values stored in
ACAP2H and PCAP2L. The underflaw sets the TF2 bit and
caueas OFFFFH to be reloaded into the timer registars,
The EXFZ bil toggles whenever Timer 2 overflows of
undarflows and can be usad as a 17th bit ol resalution. In
this nparating mode, EXF2 does not flag an interrunt.
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Flgure 6. Timer 2 Auto Reload Mode (DCEN =0}

FDEG o 412 =
| c2 =0 —
o1 c.__._.[ TR [ T2 -
> CONTROL A OVERFLOW
TR A
T G2 =1 ¥
D RELOAD
T2 PIN TIMER 2
|FrGAP2H RCAPZL INTERRLUPET
TRANEITION )
DETESTOR
TeEx BN F—— A [ S +
e e ——
EXEN2

fable 4, TE2MOD - Timer 2 Mode Control Registar

T2MOD Address = 0GSH Fesst Value = XXXX X{00R
Mot Blit Add essable

5 = - - . - T20E DCEN
Bh T L B 4 b & 2 1 0
Symbol Functica
- Mot implemantad, resarved for futurs
T20E ."I_'l"ner Catpt Enab-lﬂ-ﬂt;.lt - -
TCEN | WWhen set, this bit aliows Timer 2 w be configured as an up/down counter
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Figure 7. Timer 2 Auto Reload Meds (DCEN =1)
(DOWN COUNTING RELOAD VAL DE)
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Sigure 8. Timer 2 in Baud Rate Generator Mode
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Baud Rate Generator

Timer 2 iz selested as the baud rats generalor by satting
TCLK andfor RCLK in T2GON (Table 2). Note that the
haud rates fot transmit and receive can be different if Timer
2 |s usad for the receiver or transmitter and Timer 1 is used
far the othsr function, Seitlng RCLK and/or TCLK puts
Timer 2 intc its baud rale ganerator mode, as shown in Fig-
ure 8.

The baud rata gensrator mode is similar to the auto-reload
mode, in that a rollover in TH2 causes tha Timer 2 registers
to be ieloaded with the 16-bit value in registers RCAP2H
and RCAPZL, which are presat by softwars,

The baud retes in Modas 1 and 3 are determined by Timer
2's overflow rate accurding to the following equation.

< Timer 2 Overllow Rata
16

Modas 1 and 3 Baud Retes

Fhe Timer can ba configured for eithar timar or countar
speration. In most applications, it Is configured for timer
speration (CP/TZ = 0. The timer operation s diflerent {ar
lmer 2 when it Is used as a baud rate generalor. Normally,
13 a timer, it Incremants every machine cycls (at 1/12 the
wseillator frequency), As a baud rate generator, hawavar it

Sigure &, Timer 2 In Clock-Cut Mode

incraments avery state time (at 1/2 the oscillator 'ra-
guency). The baud rats formula is given balow.

Meodses 1and 3 _ Oscillator Frequency
Baud Rate 32 x [65536-RCAP2H RCAP2L)

whara {(RCAP2H, RCAP2L) is the content of RCAPEH and
RCAP2L taken as a 16-bit unsignad integer,

Timer 2 as & baud rate generalor s shown in Figure 8, This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that & rollovar n THZ2 deoas not set TF2 and will not ganer-
ats an interrupt. Mote too, 1hat if EXEN2 s sat, & 1-ta-0
fransdion in T2EX will sst EXF2 but will not causes a reload
from [(RCARZH, RCAPZL) to (TH2, TL2). Thus, whan Timer
2 |z In use as a baud rate ganerator, T2EX can be used as
an extra external intarrupt,

Mote that when Timer 2 is running (TAR2 = 1) as a fimer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under thesse condi‘lans, the Timeris
incramented every stala time, and the results of a read or
write may not be accurate, The RCAPZ registers may be
read but should not be written to, berausa a write might
overlap a reload and causs write and/or reload errors, The
timer should be tumed off {claar TAZ) before accassing the
Timer 2 or RCAPZ registers,

(B o R o | o8 |1
— - | - |
| e A
i
i -ncp.m_ ACAPZ-
_L_-— o2 BT — |
prof’ i E— s ‘
P |
TeDE [TenD0il
— R
e
51 ) s s pa =l g
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Prograramabie Clock Out

A 50% duy cyele clock can ba programmed 1o come outon  Takle 5. Interrupt Enable (1E) Register
F1.0, as shown In Flgure 2. This pin, besides being & regu-

lar /0 pin, has two altarnate functions. It can be pro- pese) 58] |
grammed 1o Input the external clack for Timer/Counter 2 or [ea [~ JerzJes [en Jex [ [exo | |
to output a 50% duty oyele clack ranging from 61 Hz to 4 Falle B =1 anbles the Tiorust.

MHz at a 16 MHz oparating fraquency.

To configurs the Timer/Counter 2 as a clock generator, bil
=/T2 (T2GON.1) must be cleared and bit T20E (T2MOD. 1}
must be sat. Bt TA2 {T2CON.2) starts and stops *he timer. Symbol Position Function

Enabla 30 = J dizables the intermuapt,

The clock-out frequency depends on the oscillator fre- EA ET Disatles all intarupts. If EA =,
quency anc the reload value of Timer 2 caplure registers no Internupt ;e acknawledged, If
"RCAP2H, RCAP2L), as shown In the following equation. EA =1, each intarrupt source is
individuatly enabled or disabled
tr satling or elearng its enable
Csclllator Freyuancy bit.
Clock-O = 0 s
ock-Out Frequency = oo e RGAPZH ACAPZL) | - IE6 B saruas.
ET2 IES Timer 2 interrupt enable bit,
EES IE4 Saeral Port [ntermupt enabls bit,

n the clock-out made, Timar 2 roll-overs will not generate
in interrupt. This bahavior Is similar to when Tirmer 2 '8 | ETH IE3 Timer 1 Intermipt enable bit,
15ad as a baud-rate genarator, It s possible to use Timer 2 '

=
s & baud-rale generator and a clock generator simulta- = I£2 Saatna.intaiTupk 1 shakie ol
isously. Note, however, that the baud-rute and clock-out ETO IE.1 Timer O Interrupt enabla bit.
requancies cannol be detarmired indepandantly from ona EX0 EO External interrupt 0 shable bit,

inothar since they both use RCAP2H and RCAPZ2L. -
U=ar saftware should never wrile 12 to unimplamanta bits,

bacause they may be used in futume ATS9 products.

nterrupts

‘he ATESSS2 has a total of si interrupt vectors: two exter-  Figure 10. Inlarrupt Sources
il intarrupts (TNTO and TNT1}, three timer interrupts (Tim-
irs 0, 1, and 2), and the serlal port interrupt, These
starrupts are all shown in Flgure 10,

‘ach of these Interrupt sources can be Individually enabled INTe —oy o E3 e
r disabled by setting cr clearing a bit In Specia! Function |
legister I, IE also contains a global disable bit, EA, which — T

izablas ail interrupts at once,

lota that Table 5 shaws that bit position [E.& is unimple- TFa ——aas

vanted. |n the ATBSEE2, bit position |E.S iz also unimple-

1entad. User software should not write 15 to thess bit 1

oeitions, since thay may be used in future ATBS products. j '
NT1

imer 2 interrupt is generated by the logical (R of bits TF2 e L

nd EXFE2 in register T2CON. Maither of theso flags is
lsared by hardware when the servica routine is vectorad
3. In tact, the service routine may have tc determina
hather it was TF2 or EXF2 that ganerated the interr.pt, i .
nd that bit will have lo be clearad n scftware,

ha Timar 0 and Timar 1 flags, TFO and TF1, are set at ;: : D -
5P2 of the cycla in which the timers ovarllow, The values

ra then pulled by the circultry in the nexd cycla, Hewever, iz - _D
1e Timer 2 flag, TF2, |z sat at S2P2 and Is polled in tha B —————

ama eycls In which the timer overfiows.

a ATELH50? p—————— e
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Oscillator Characteristics activa long enough to allow tha escillator 1o restart

XTAL1 and XTALZ are the input and outpul, respectivaly, SN sHEize

of an inverting armplifier that can be configured for use s Figure 11. Oscillator Connections
an on-chip oscillator, as shown in Figura 11. Either a quartz

crystal or ceramic resonator may be used. To drive the ce

device from an external clock source, XTAL2 should be left i —I— XTAL2
unconnected whila XTAL1 |s driven, as shown in Figure 12,

Thera are no requiremsnts on tha duty sycie of the extsrnal { ]
slock zignal, since tha inpur to the internal clocking circuilry | & =

5 through a divids-by-twa flip-flop, but minimum and maxi- o1l I

mum valtaga high and low tire spacifications must be
sbearvard.

KTAL

dle Mode

|

|

[ S
n idla modn, ihe CPU puts itself to sleep while all the on- ..
ship peripherals remaln active. The moda is .nvoked by =
softwara. The content cf the on-chip RAM and all tha spe-
slal functions registers remain unchanged during this
node, The idle mode can ba tarminated by any enabled  Note:  C1, G2 =30 pF + 10 pF for Crystals
nierrupt or by a hardwarae resat. = & pfF £ 10 pF for Ceramic Fasonators

{ote tha! when idle mode is tarminatad by a hardware  Figure 12. External Clock Drive Configuration
ssat, the device normally resumes program execution
ram whera it left off. up to two machine cycles belore the
nternal resel algoritkm takes control. On-chip hardware O | wTALD
nhibits access to internal RAM In thls event, but nocess to
ha porl pins |s not inhibited. To aliminate the possibility of
in unevpecied write to a port pin whan idle moda is termi-
iated by a reset, tha instruction fol'owing the ons that

aND

wokes idle mode should not write to a port pin or to exter- UEJS;EEEFEE N—— T T
I8l memety. SIGHAL

Yower-down Mode

n the Powar-down mode, the oscillator is storped, and the '
wstruction that Invekes Power-down Is the last instruction "J?’ﬂ‘
mecuted. Tha on-chip RAM and Spacial Function Regis-

ars rataln thelr values unlil the Powar-down mode is termi-

ated. Exit from Powar-down mode can be Initiated eithar

¥ a hardware resal or by an enabled external interrupt.

ieset rednfines the SFRAs but doss not change tha on-chip

1AM. The reset should nol be activated before V. is

sstorad 13 (t3 normal operating level and must bae held

— 1 ‘GND

able 6, Status of Extarnal Pins During |dle and Power-down Modes

Mods | Program Memory ALE FEEN PORTD PORT1 PORT2 PORTS
Idta Intermal 1 1 Data Data Cata Data
Idie Extermal 1 1 Float Oata Address Cata
Powear-dawn Internal 0 0 Data Data Dala Ciata
Prwiar-town Extarnal 'u o Float Data Data Data

AIMEL L
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Program Memory Lock Bits

The ATASSE2 has three lock bits that can be leMt unpro-
grammed (L) or can be programmed (P) to obtain the addi-
tional features |lstad in the following tabla.

Table 7. Lock Bit Protaction Modes

Program Lock Bits

LB1 LB2 LB3 | Protection Type

1 | v U U | Mo program inck features

MONG instructions exactted
from exlemnal progmam
memory are disabled from
fetching code bytas from
intemal memary, EA Is
sampled and latchad on res i,
and further pregramming al
the Flash memaory g disabl ad

21P U U

Same as mods 2, but varify Is
algo disabled

Same as mode 3, but extamal
axecufion |a also dsabled

#hen lock bit 1 is programmed, the logic laval at the EA pin
s sampled and latched during reset. |f the device Is pow-
srad up wilhout a reset, the lalch initializes 1o a random
ralus and halds that value until resed is activaled. The
atched value of EA must agrea with the currunt logic level
it that pin in order for the davics ‘o funclion properly.

>rogramming the Flash — Parallel Mode

‘he ATBES52 is shipped with the on-chip Flash memory
irray ready lo be pregrammed, Tha programming interiace
eads a high-voltage (12-volt) program enable signal and
t compatibia with convantional third-party Flash or
:PROM programmers,
‘na ATRG352 code memery array is programmed byte-by-
iyla.
‘rogramming Algerithm: Belora programming the
\TE9SE2, the addross, data, and control signals should be
i Up according to the Flash programming mede table and
igures 13 and 14. To program the ATB3S52, take the fol-
wing steps:
Input the desired mamory location on the address
linas.
Input the appropriate data bvle on the data lines.
Activata the corrast combinaticn of control signals.
Raise EANqp to 12V,

Pulse ALE/FHGS once to program a byte In the
Flash array or the lock bits. The byte-write cycle is
selftimed and typically takas no more than 50 ps.

Repeat steps 1 through 5, changing the addrass
and data for the entire array or uniil the end of the
object file is reached.

Dala Polling: Tha ATB9S52 features Data Palling to indi-
cate the and of a byte write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plemant of the written data on P0.7. Once the write cycle
has been completed, true data is valid on all outputs, and
the next cycle may begin. Dala Polling may begin any time
after a write cycle has baan initiatad,

ResdyBusy: The progress of byte programming can alsc
be monitored by the RDY/BEY output sigral. P3.0 [s pulled
law afler ALE goes high during programming to Indicate
BUSY. P3.0 is pullad high again whan programming Is
dona to indicate READY.
Program Variry: If lock bits LE1 and LB2 have not been
programmad, the programmed code data can ba ree hack
via the address and data lines for verification. The status of
the individual lock bits can be verified directly by reading
tham back.
Reading tha Signature Bytes: Tha signature bytes ara
raad by the same procedure as a normal varification of
locations 000H, 100H, and 200H, except that P38 anc
F3.7 must ba pulled to a logle low. The values refurned ara
as follows.

{009H) = 1EH indicates manulaciured by Atmal

{100H) = 52H indicates BSE52

{200H) = DEH
Chip Erass: I tha parallel programming mode, a chip
erasa operation Is initiated by using tha proper combination
of control eignals and by pulsing ALE/PROG low for a dura-
tion of 200 ns - 500 ns,
In the serlal programming meds, a chip srase oparation is
initizted by issuing the Chip Erass Instruction. In this mode,
chip erase iz salf-limed and takes abaut 500 ms.
During chip erase, a seriel read from any address location
will return QUH a! tha data output,

Programming the Flash - Serial Mode

The Code mamaory array can be programmed using tha
sarial ISP Interface while RST is pulled to Yo The serial
intarlace consists of pins SCK, MOS! (input) and MISO
{output). After RST is set high, the Programmirg Enable
instruction needs to be executed first bafore other opera-
tians car be executed. Bafore & reprogramming sequence
can ooour, @ Chip Erase opaeration is raquirad,

The Chip Erase oparation turns the content of avery mem-
ory localion in the Coda array into FFH.

Either an axternal sysiem clock can be suppliad al pin
XTAL1 or a crystal neads to ba connected across pins
¥TaL1 and XTAL2. The maximum serial clock (SGK)

6 ATEOSE? e e oo ST ST T TSR




I — oo A | 59552

fraquency should be less than 1/16 of the crysial 1re-
guency. With a 33 MHz osclllator clock, the maximum SCK
frequency is 2 MHz.

Serial Programming Algorithm
To program and verify the ATB3S52 in the serial program-
ming mods, the following sequence Is racommanded:
1. Power-up sequence:
apply power betwean VCG and GND pins.
Sat RST pin to "H",
If a crystal is not connecled across pins XTAL1 and
XTALZ, apply 1 3 MHz 1o 33 MHz clock to XTAL1 pin
and wait for at least 10 milliseconds,
2. Enabla serial programming by sending the Pro-
gramming Enable seiial instruction to pin
MOSHP1.5, The fraquency of the shill clock sup-
plied at pin SCK/P1.7 naeds to be less than the
CPLU slock at XTAL1 divided by 16,

3. The Code array is programmad ona byte at a time
by supplying the addrass and data together with the

appropriate Write instruction. The write cycla is o
timed and typically takes less than 1 ms at 5V,

4. Any memory location can be verified by using the
Read insiruction which raturns the content at the
selected addrass at serial output MISO/P1 8,

5 Atthe end of 8 programming sesslon, AST con be
sat low to commance normal device operation.
Powar-off suquenca (if needad)
Set XTALT to "L" (if a crystal |5 not usad).
Sat RST to "L"
Turn V- powaer ofl.

Data Pelling: Tha Data Polling taature is alse availabla In
tha serlal mode. In this mode, during & write syecla an
attempied read of the last byte written will result in the com-
plamant of tha M3B of the serlal output byta on MISO.

Serisi Prugramming Instruction Set

The Instruction Set for Serial Programming follows a 4-byte
protocol and Is shown in Table 10,

ATMEL 7
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Programming Interface — Parallel Mode

Every coda byte in the Flash array can be programmed by
using the eppropriate combination of control signals, The
write operation cycle is seli-timed and once inftiated, will
automatically time Hsalf to complation.

Table 8, Flash Programming Maodes

All rmajor programming vendors offer worldwide support lor
tha Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision,

ALES ER porg | P24l | PLTO
Mode ¥.. | RST | FSEN | PROG Vag P28 | PLT | P33 Pa.7 Data Address
12h |
Writa Cade Dats oy H L ~ 12V L H H [y ATZ-B I AT-0
Aead Code Data = H L H H L L L H Doy A12.8 | AT-D
i
Wiits Lock Bit 1 Hy H L A 12V H H H H ® X
431
Writa Lack B 2 & H L S 12y H H H K bt X
- tm i
Wirita Lock Bit 3 e H L e 12V H L H K % x
Fo 2,
ReadlockBie | sy | w L H H H|l v | L Poa, | X X
1.2.3 Po 4 r
; L o 12% H H X x B X
Ghip Erase: 5 H _\'{_ 2 L ]
Read Atmel 10 s H L H. | H L L L L TEH x OO0 00H
ReadDavics D | sv | H | L H | w i JL L oM | %0001 | O0H
T
Raad Davica 1D ) H L H | H L L L L it % 0010 QoH
Jotas: 1, Each PRGG pulse ls 200 ns - 500 ns for Chip Erasa,
2. Each PROG pulze s 200 ns - 500 ng for Write Code Data.
3, Each PROG pulse is 200 ns - 500 ng for Writa Lock Bits.
4, RDY/BSY signal is output on P3.0 during programming.
5. X=don't care.

figure 13. Programming the Flash Mamory

{Parallal Mods)

apon, A0-AT |

COOGHM FRFH

SEE_FLASH
PROGRAMMING— ——#

Al-

Vee
ATROS52 T
Pl 0-P1.7
F2i - P24 PO |- EE-"F';
P28
a7 l—— PROG
Fa1.3
P38
PaT
WTALZ EA |#—— YuWie
RO
= *Esy
HTAL" — i,
GND —
i —

AT89552

Figure 14. Verifying the Flash Meamary [Paraliel Moda)
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Flash Programming and Verification Characteristics (Parallel Mode)
T, =20°C 10 30°C, Voo =4.510 5.5V

Symbol Parameter Min Max Units
Vap Pregramming Supply Voltage 115 125 W
. = Programming Slzlppfy Currant 10 1 ma
lea Ve SUDPlY G!.-:;rémt N 30 ma
Wriel Oscillater Frequency : a a3 MHz
Neiiis Addrasz Satup to FROG Low 4B o
el Address Hold After PROG 4800y
— Data Setup o PROG Low Bhoa
| S Data Hold After PROG ABlg a1 )
i P2.7 (ENABLE) High to Ves I aerg
— Vep Setup to PROG Low ' 10 us
G Vep Hold After PROE - v us
Tmm PROG Width n2 1 us
Loy Address to Data Valld T o a8t -,
b ENABLE Low to Data Valid 48l
lenicz Data Float After ENABLE 0 A8t 0y
lahar PROG High to BUSY Low T , us
Y t Byta-';l'.!rlta wycle Tima o B l pe

*igure 15. Flash Pragramming and Verifization Waveferms — Parallel Mode

10 - P17 PROGRAMMING VERIFICATION
. o ¥ L~ \
Bl e o ADDRESS J—j ADURESS  o»r————
Fa.4 f— by
POAT 0 L DATA_IN (DATA OUT _p——
Youal  Fawew
byt [=——" " Sk
ALE/PROG b F o
e g O "} lans
g - . . W —NLOGIE 1
BRCE ety ol s e T T T
t
P27 S beray W p— *— lewnz
(ENFBLE)
P3.0 fare.
{Hl}r’f'ﬂﬁ] BuUSY RCALY
"
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Figure 16, Flash Memory Sarial Downloading

I"rw
ATBOS52 T
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DATA QUTPUT +— P1.6MISO
cLOCK IN —# P1TSG0K

—T—— XAL2

339 MHz| =
T f—“

e+ xTAL1 AT (& ¥y
—{ GHD

Flash Programming and Verification Waveforms — Serial Mode

Figure 17. Serial Programming Wavefcrms
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Table 8. Sarlal Fragramming 'nstruction Set

Instruction
Format
Instructivn Byte 1 Byta 2 Byta 3 Byta 4 Oparation
Frogramming Enable 1010 1120 0101 001 WI00; 000K N 30000 Enable Seral Progmamming
0110 1001 while RST Is high
{Cutput)
Chip Erasa 1010 1100 1G0%  onoc WOX 0000 | 3000 10 Chip Erase Flash mamory
| aray
Read Program Memory | D010 0000 W N Cog® | megd pano jl Roy pu-o | Read data from Program
{Byte Meods) L * " ! g marnarny In the byte mode
Write Prozram Memory | 0100 0000 WA e Moo oyme | st Coue Write data to Program
{Byte Moris) g 2322 | &R< 28=8 | = mermary In the byle mode
Write Logk Bits™ 010 1100 1110 00 T3 | oo oo | o0 000¢ Write Lack bits. Sea Note (2).
Faead Lock Bits ooig 0100 000 003 Y0000 2060 e i chelh s Aead back current status of
A the lock bita {a pregren,..-d
lock bit reads back az a1
Read Signature Bytes'™ | 0010 1000 00 gRYTo et 00 Signature Byte | FAead Signature Byte
Fead Program Memory | 0011 0000 o0 N oo Byte O Byto 1. Aaad data from Program
i(Fage Moda) o s Byte 265 rmemory in the Paga Mode
(256 bytes)
Write Pragram Memory | 0101 0000 s S Byta O Byte 1... Write data to Pragram
(Page Maode) % == Byte 255 memory in the Pags Mode
256 bytes)

doles: 1.

2. Bi=0 B2=0-—-Moda 1, no lock protection

The signatura bytes are not readable In Locl: Bi Modes 5 and 4.

Bf =0 B2=1-->Mcds 2, lock blt 1 acthvated

Bl =1, B2 =0 -—= Moda 3, lock bit 2 aotivatad

31 =1, B1 =1 -=> Mode 4. lock bit 3 activated
\Her Rese: signal is high, SCK should be low for at least 64
iwstem clocks bafora it goes high to clock In the anable
{ata hytes Mo nulsing of Aesat signal is nacessary, SCK
ihould be no fastar than 1/16 of the system clock at
{TALY

Eaeh of tha lock bits needs to be activated sequentally befare
Motip 4 can be executed.

For Page Read/Writa, the data always starts from byte O to
255, After the command byte and upper addrass byte are
latched, each byte thereafter is treated as data untii all 256
bytes are shifted Infout. Then the next instruction will be
raady to be decoded.

AIMEL 21
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Serial Programming Characteristics

Figure 18. Serlal Programming Timing

Mosl X )[( X
lovsH fe—ste stshox  |lSLSH
SCK \J:\J
lgusL
MISO X X |
=>lg )y
Tabls 10, Serlal Programming Charazteristies. T, = -40°C to B5°C, Vo = 4.0 - 5.5V (Unless otharwisa noted)

Symbol Parameater i Tvp Max Units
Voo Caclllalor Frequency a aa MHz
bl Dacliiator Period an - ns
- SCK Pulse Widt: High Bl e
by e SCHK Pulse Width Low 3 ns
i MOS! Setup to SCK High - - ns
tgHox MOS| Hold after SCK High 2loio rg
bap iy SCK Low 1o MISO Valld 10 18 32 ns
teRasE Chip Erass Instruction Cycla Time - 500 ms
.[gwc Serlal Byte Write Cycle Time Bt oy + 400 us
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Absolute Maximum Ratings”

Dparating TEMPEratura .........ccoovivireiversinsian BB o + 12670 *‘MOTICE:  Stresses beyond these listed undar "Absolute
Maximum Ratings” may cause pemanant darm:

Stnrage TAMPSMIIIE .. oo i B5°C to +180°C age o Ihe device, Thiz i= a stress rating anly and
functional aperation of the device at thess or any

Yoltaga or Any Pin other conditions bayond thosa indicated In the

with Raspact to Ground ... L. -1.00 1o +7.0V operational sections of this specification Is not
irnplied Exnosure te absolute maximum rating

Meaodmrur: Gperating Moltage ..o 6.8V conditions for extended periods may aifect
device raliability.

B T £ - T R T TP 15.0 mA4

OC Characteristics
The values stiown in this table are valld for T, = -40°C to 85°C and Vo = 4.0V to 5.5V, unless otherwise noted,

Eymbal Paramater Condltion Min Max Unite
Vi Inpul Low \oltags {Excapt EA) 0.5 0.2 Wap-0.1 )
Wy Inpul Low Vohage (ER) 05 02V 03 | v
Wi i High Volttags - {Excapt XTAL1, AST) C2Veet08 | Vpo+D5 y
LT Inpusl High Yeltags {XTAL1, RST) DT Vee | M5 "
Var Cuiput Low Vollage'" (Ports 1,2.3) | ln = 1.6 mA 0.45 Y
Vo, Eﬁgﬁ_h‘:’:‘é&%’%‘;“ ls, =3.2MA 045 v
| low = 60 A, Vo = 5V £ 10% 24 W

= ::m: 1Hal\ﬂ::;I m;’f“%m, l_'ﬂﬂ = -25 pA 0.75 Vg v

| [ 08 ¥ap v

L@;_-E:ﬁ;A,HD;:ﬁ;JJ:iD% 24 | v

Vot fxﬁﬁ fi“%'lﬂi‘”m Moda) fow = -H0C-UA 075 ¥oo ¥

by = -BO A N 04 Voo v
Iy Logical O Input Current {Porte 1,83} | Vi, = {rfs_‘u' i -5d A
» Itfg:?:jzl,g:u Transtton Gurnent Vi = 2V, Voo = 5V £ 10% £50 A
lis Input Leakage Current (Pori 0, EB) | 045« Yy « Ve _ +10 LA
RRST Ressl Pulldown Resistar 11 30 K
Cin Pin Capacitancs Tag! Freg. = 1 MHE. T, =25°C 1o . ;F -

Active Moda, 12 MHz 25 A
leses PN B et idla Moda, 12 MHz o 8.5 | mA,

Powear-down Mods!!! Yoo =55V 50 | A
dotes: 1, Under steacly state (non-transient) conditions, |5, must be exterrally fimited as follows:

Meximum Iy per port gin: 10 mA,
Maximum I, per 8-bit norl:
Port 0: 26 ma

Ports 1,2, 3 15 mA

Meaximum total | fer all outpul pins: 71 mA
If 1, excaads the tast condition, Vi may sxceed the related specification. Pins are not guarantead to sink current greater

than the listed tast conditans.

2, Mirimum V. for Power-deown is 2V,
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AC Characteristics
Linder oparating conditions, load capacitanca for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 20 pF.
External Frogram and Data Memory Characteristics

AlEL

12 MHz Cscillator

Variable Oscliiator

Symbol Paramater Min Max Min Max Units
o Oscillater Frequency ] 33 MHz
i ALE Pulze Width 127 1 2toy g0 ns

tavil Address Vald to ALE Low 43 toye 25 | ns
fiiax Addrass Hold After ALE Low 48 toie25 | ne

¥ ALE Low lo Valid Instruction In 233 4,85 | ns

tim ALE Low to PSEN N Low 43 | toc 25 Y

oy i FEEN 2ulse Width 205 Bty o -45 ns

trie FSEN Low 1o Valid Instruction In. 145 s LD ns

thuie Input [nstruction Held After PSEN 0 o ns

thoi Input Instruction Fleat After PSEN B9 teio =85 T e
B | PEEN io Address Vald 75 e f ns

tavn Address to Valld instrustion Ir 317 Stoy o B0 ne

toiaz PSEN Low Io Addrass Float 10 - 10 ns
b BD Pulsa Width 400 Bz o -100 na
Bt WH Pulse Width 400 Bt o 100 ns

_ T Low 10 Valid Data In oEp 5tp0 80 =
-th,:., Data Hold Altar FD 0 o ns

| Deta Float Aller B o7 B 2oy 2B ne

Ky ALE Low 1o Valid Data In 517 Bleyo,-150 ns
oy - Addiess to Valld Data In EE- Stoy - 165 ns |
LuwL ALE Low to FiD or WH Low 200 300 Btg -50 Bty o 450 ne |
T Addrees to FID or WH Low 203 Pl ns |
banné Ciata Valid 1o WH Transiton 23 ty o 30 ne
Lawawm Data Valid to WH High 433 - Thepa-120 ns
b Data Hold Aftar WH 33 - ] s

bz AD Low to Address Float 4] ] ns 1
s FD or WH High lo ALE High 43 123 | toc-25 toy o +25 ns

24
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External Prcgram Memory Read Cycle

AT89552

Y, —*
ALE 4 s —
1 — lt|=‘L°l'|
bawi [ Iy
—u bip —
SEEN Vg by lpyy ™,
e bz s Yo
t 1 -
ILA o 7
PORT 0 >— AD-AT (NETEIN B3 A0- AT <
M-~ by ——————
PORT 2 * AF - A5 . MR- AIS
External Data Memory Read Cycle
Ty | ——n
ALE ;F A ,tj—\—/
_'[ lwrL
PSEN __/ P — NS
_.l-— taam —
|'__ tLL‘M.
Ao “]ﬁ—im—l‘ T
t | taknr
AL IHLI‘.Z L .
“rarEIL
PORAT O A0 - AT FACM Rl OH OP. E; 0 - A7 FEOM PCLY~{ INSTR IN
e Lawe b
e Lavrry e

POAT 2 _£

P20 - P2 OP A8 « A16 FROM DFH

X

AB - A15 FHOM PCH
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External Data Memory Write Cycle

ILHL'__"
ALE /[ ™ e
=

. TiHLH
PSEN __~ [ E N
— T — oY
WH Iy e —w b
tapgL = tuwx—i‘ - o fon i
= Lo
PORT O A0 - AT FROM Rl CA r‘.PL'IL DATE OUT b CAD - A7 FHUM PGL—CINSTH IN

Lovr, ———H :
FORT 2 P20 - Fo7 OF AE - A5 FROM OPH b4 A8 - A5 FROM PCH

External Clock Drive Waveforms

0.45%
= beree »
External Clock Drive

Symbal Paramater Min Max ] Units

WaioL Osclllator Freguancy Q 33 MHz

forar Clock Period a0 ns

tomox High Tlme 12 ns

b Lew Time 12 - ns

loLew Alsa Time & ns

b | Fall Time 5 ns ]

% ATBU85? s e e ST ST
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Serial Port Timing: Shift Register Mode Test Conditions
The values In this table are valid for Vo= 4.0V to 5.5V and Lead Capacitance = 80 pF.

12 MHz Osc Varlable Oscillator
Symbol Parameter Min Maz Min Max Units
tein Sarial Port Clock Cyela Time 1.0 L= jLe
v Citput Data Sahup te Clack Rlging Edga 700 10t 0 -133 ns
Ty Culput Deta Hold After Clock Rising Edga 50 P e Y ns
t):HDx ||"|p|.lt Data Hald Aftar Clock Hiﬂ'ﬁg Edgﬂ L] I ns
beroy Clock Riging Edga to Input Dsta Valic 700 10y o ~133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION - - 1 [ - 2 _|=5%= =%~ i R
beps
GLEKI I L1 LI 1 1
—- i-— |m|31
WHRITE TO SBUF, Ne A 1 9 X E 3 5 X 8 X 1T 7
; S—N L &
OUTPUT DATA [ beox SETTI |
. CLEARFI
¥
(NPUT DATA

AC Testing Input/Output Waveforms!"  Float Waveforms'"

02 Vg + OOV
TEST POINTS

045y —— ——
jote: 1. AG Inputs during testing are driven at Vqr - 0.5Y Mate: 1. Fortiming purposses, a port pin is na lnnger floating
for a logle 1 and 0.45Y for a logie 0. Timing maa- whaen a 100 my change from load voltage occurs. A
suraments are made at W, min. for a logic 1 and Vi port pin bagins o fleat when a 100 mY change from
rra, for a logic ©. the loaded Wi Ve level ocours,
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Ordering Information

Speed Power
{(MHz) Supply Ordering Code Packzge Operation Range
24 4.0V to 5.5V ATBOSE2-24A0 A44, Cammercial
ATBOS52-240 44 (0°C to 70°C)
ATBES52-24P0 40P8
AraasE2.244| i s Incustrial
ATRESED.24.0| 44! (-407°0 to B5°C)
ATROSED-J4P| 40FP6
ATBgSERIMIC - | L AM Sl e I e
FPackaga Type
447 44-/aad, Thin Pastc Gull Wing Quad Flatpack {TQFF)
440 44-lemd, Plastic J-leaded Chip Carmiar (PLCC)
£0PE 40-pln, 0.800" Wide, Flastle Dual Infne Package (PDIF}
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sglng Information

A, 44-Iaad Thin [ 1.0 mm) Plasdc Gull Wing Quad

at Package TQFP
Jimansions in Mill! rnetars and (Inches)®

13 2* .21
PINTID — u__—.—ﬂm‘ﬂ_‘ ]
PRCCLIAN)
umwlzml_ "l_ FH T
= *
10700
— m—&m—l“
1::omm1':m

Mﬂumﬂ:

Arsiosey %.1810508)

*Contralling dimenslon: milkmaters

44J, 44-1ead, Plastic Jleaded Chip Carrier (PLCC)
Dimensiors In Inches and (Millimatars)

AT AE s PINND | QaS{1 14 X B 4E gea4 508
ipEAEY it eiE

5
‘_1]._.__1'!_-1_1.; —'?r'_T - __i
| e | £
omma § = i TR
oeR B8 T || RS
Ti
[osaE1 2Ty TYP = _._-—H— 33%1
[I— 500412 Ty SEF &3 _J '?E-:gum
. : B )
Ik : __t:w-:r.n
ﬂ?g 1854 1)
=

40PE, 40-pin, 0.600" Wide, Plastic Dual Infine

Package {PD1D‘_|
Dimensions in Inches and {iilimeters)
JEDEC STANDARD MS-011 AC

E}fﬂm ]Fﬁ—w

'mw-m
- {.000|4838) REF — ..| I'F

) —-1 I-_ M'h:l!ﬂ
J_
| JI—- I:E.EH!.-:G I
1.0
% AEF
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